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I. INTRODUCTION 
Several authors point out the importance of potato 
chips in the commercial use of potatoes. Talburt (85) 
indicates that the volume of potato production in the United 
States usually fluctuates between 350 million and I4.OO mil¬ 
lion bushels annually, from which approximately 75 million 
bushels, cr 20 percent of the total are processed each year. 
Lyman (J4.I) points out thst potato chips account for the 
largest percent of the processed crop and that 9*5 percent 
of the 1957 potato crop is consumed in the form of potato 
chips. Smith (71) states that sales of potato chips in 
195J-I- totaled 32 million bushels, and that sales increase 
3 to 3*5 million bushels annually. 
A survey by DuPont Company (18) In 195^4- reveals that 
"store decision” accounted for 80.6 percent of potato chip 
sales. Lyman (Ip.) states that the factors that contribute 
to the impulse buying of potato chips are unknown, but that 
good appearance doubtless contributes to the initial accep¬ 
tance, while overall quality and intended use are important 
In repeat sales# 
Among the factors that contribute to potato chip 
quality, color is one of the most important. Smith (71) 
believes that the consumers* choice is predominantly for an 
2 
attractive light golden brown chip. Smith also indicates that 
a processor who is unable to meet this requirement will find 
that his sales decrease. 
In order to help local operators to share the increasing 
sales of the expanding potato chip industry, it was decided 
* . / 1 V 
to test some of the practices of growth and maintenance, 
i 
i.e., storage, of potatoes for chipping, under the conditions 
which prevail in Massachusetts. 
3 
II. REVIEW OF LITERATURE 
Agents of Browning In Potato Chips. 
A. The Role of Sugars and Amino Acids in the Browning Reaction. 
At least three types of discoloration in potatoes may 
result from certain physiological conditions within the 
tuber, caused by growth or environment, which may result in 
subsequent chemical reactions. These include: 
1. Discoloration of peeled, cut or injured raw potatoes, 
2. After-cooking darkening, 
3. Browning, which usually takes place at the high 
temperatures used in the preparation of dehydrated 
potatoes, french fries and potato chips. 
The browning reaction which takes place in the frying 
process of potatoes for chips was first'associated with the 
total sugar content of the tuber, and was believed to be 
the result of cararmelization of the sugars. 
Sweetman in 1930 (%) concluded that there is an 
increase in the brown color of chips corresponding to an 
increase in the total sugar content of the tubers. The 
same correlation was also established by Rogers (54-) end 
his co-workers in 1937 who demonstrated that potatoes stored 
under different conditions vary greatly in their sugar 
content and that this factor is important in influencing 
the browning of potato chips. 
Thornton in 19^0 (93) found that at temperatures used 
-4- 
in making potato chips only reducing sugar content, not 
sucrose, was responsible for the browning. Later Denney 
and Thornton (13), (14)# (15) substantiated the previous find¬ 
ing by showing that the color produced during the frying of 
the chips correlated best with the reducing sugar content of 
the raw stock and not as well with the total sugar content, 
and not at all with the non-reducing sugar values. Wreight 
et al, (10?) believed that reducing sugars greatly affect the 
color of chips, but their effect seems to be complicated by 
certain amino nitrogen compounds present in varying con¬ 
centrations in different varieties of potatoes. Legault (40) 
demonstrated that the reactants causing browning in potato 
chips can be extracted by boiling water and be returned to 
the potato system unchanged. When potato slices were ex¬ 
tracted with hot water and the extract reabsorbed by the 
extracted slices, brown chips are produced which were the 
same color as chips made from untreated potatoes. 
Pyke (50) showed that when hot water extracted potato 
slices, which would remain white when fried into chips, 
were immersed in a glucose solution before frying, practi¬ 
cally no color was produced in the chips. When similar 
slices were immersed in a solution of glycine no color 
appeared on a subsequent frying. However, when slices were 
subjected to a solution containing both glucose and glycine 
subsequent frying produced potato chips of dark brown color. 
In no case did any sugar or amino acid produce browning when 
used alone* 
Pyke and Patton (51) prepared an extract of fifty per¬ 
cent alcohol high in reducing sugars and amino acid that 
yielded brown color when allowed to be absorbed by leached 
potato slices. 
It has become increasingly clear from the previous 
finding, and from work carried on in recent years by 
Habib (2I4.), (25) and others (51)» (63), (65), (66), that the 
mechanism through which browning develops is not one of the 
cararmelization but rather one involving the so called 
1 
Halliard, or non-enzyraatic browning reaction between the 
aldehyde groups of reducing sugars and the free amino groups 
of amino nitrogen components. 
Three broad types of browning are recognized in food 
technology. These are: 
1. Oxidative reaction, which for example converts 
ascorbic acid and polyphenols into dl- or polycarbonyl 
compounds. This reaction may, or may not, be enzyme catalyzed 
2. Cararmelization which occurs when polyhydzoxy car¬ 
bonyl compounds (sugars, polyhydroxy acids) are heated to 
relatively high temperatures in the absence of amino compounds 
3* Carbonyl-amino reaction, the most common, includes 
aldehydes, ketones and reducing sugars which contain amino 
groups• 
These are all possible reactions if the carbonyl group 
is free. 
Seaver (61\.) and others (68), (lOij.) showed that polyhy¬ 
droxy compounds and reducing sugars in which the carbonyl 
function was blocked, did not give rise to browning reactions. 
-6- 
Hodge (33) states: ”Browning in the broad sense, can be 
regarded as stemming from carbonyl compounds# With this 
• _ * r 
viewpoint the relationship between the different types of 
browning are readily apparent.” 
The sugars represent a group of naturally occuring 
substances which contain a carbonyl or potential carbonyl 
group that may enter the browning reaction under favorable 
conditions# Pecherer (4.6) and others (6I4.), (68), (105) 
demonstrated that in the presence of amino compounds the brown¬ 
ing reaction is more rapid and intense# 
The interaction of reducing sugars and amines readily 
produces such spontaneously reactive compounds that will 
easily develop the browning reaction# Sugar-Amine Conden¬ 
sation and the Amadori rearrangement are the key reactions 
■4 -, m h i ■ 
leading to the 1,2-enolization of the sugar radical# Prom 
this the accelerated production of brown pigment occurs 
through several different routes# The literature on sugar- 
A ' - • • * ' • * 
amine browning reaction in model sys tem reveals several 
different types of reactions which are known to occur during 
browning. Hodge (33) proposed an arrangement providing the 
basis for an integration of several Isolated theories of 
browning in sugar-amine system as follows: 
t 
I# Initial stage: colorless# 
A. Sugar-amine condensation. 
B. Amadori rearrangement. 
II. Intermediate stage: colorless or yellow (in model 
-7- 
systeras strong absorption of near ultra-violet irradiation), 
C. Sugar dehydration, 
D. Sugar fragmentation, 
E. Amino acid degradation, 
III, Pinal stages highly colored, 
F. Aldol condensation, 
G. Aldehyde-amine polymerization. 
Formation of heterocyclic nitrogenous compounds. 
Reactions B to G can follow spontaneously from A, The in¬ 
terrelation between the reactions are outlined in Illustration 
1, All the reactions shown in Illustration 1 are known to 
occur in the model system but the extent to which each repre¬ 
sents the browning process Is not known, 
Hodge (32) in his previous work showed the different 
pathways and routes stem from the Araadori rearrangement. 
According to Hodge (33) the first two steps are necessary 
for the progress of further chemical reaction which ends with 
the formation of brown pigment, 
A, Sugar-Amine Condensation, as proposed for aldoses. 
R-NH R-N R-NH 
♦R-NH | -HO II I 
HC = 0 d > HCOH y.. ±- .. ^ CH —■z±EC- 
(CHOH)n 
ch2oh 
(CHOH)n 
I 
CH20H 
(CHOH)n n-l(CHOH) 0 
I 
CEjOH HC- 
ch2oh 
Aldose in 
aldehyde form 
Addition 
Compound N-substituted 
glycosyl amine 
8 
B« Amadori Rearrangement* 
The Amadori rearrangement is the isomerization of 
N-substituted aldosyl amine to 1-amino 1-desoxy ketose- 
2-ketose* 
R-NH 
\ 
HC* 
n(CHOH) 0 
HC- 
CH20H 
R-NH 
I 
CH 
II 
COH 
l 
(CHOH)n 
ch2oh 
R-NH 
I 
fz 
c=o 
‘r;- 
CH10H 
N-substituted 
aldosyl form 
Enol form N-substituted 
1- amino l-desoxy 
2- ketose 
Keto form 
From here the different reactions proceed spontaneously, 
by different routes as indicated in Illustration 1* 
According to Denehy (11) the chief reaction involved in 
the formation of the pigment, at the final stage, is aldol 
condensation, aldehyde-amine polymerization and formation 
of heterocyclic nitrogenous compounds* The readiness with 
which the sugar radical reacts differs with molecular structure 
and size* Pederson (47)* Seaver (64) and Weast (98) showed 
that under the same concentrations of sugar and amine compounds 
the pentoses will develop the brown pigment more readily than 
hexoses, which in turn are more reactive than di- or tri- 
saccharids which have reducing power. 
Denehy (11) and Thornton (93) demonstrated in a model 
-9 
system that suerose will develop brown color with amino com¬ 
pounds only when conditions favor hydrolysis of the molecule 
into the reducing components. 
Under the arrangement proposed by Hodge (33) the reactant 
which takes pert in the reaction will Increase in effectiveness 
in proportion to the functional groups which they can provide. 
In this respect it was shown by Stotz (63), Tan (86) and 
Wolfrora (106) that basic amino acids ore more reactive with 
the carbonyl group of sugars than neutral or acidic amino acids 
The amino compounds serve as catalyzing agents which render 
the sugar radical more susceptible to subsequent break down, 
as compared to other forms of sugar break down. This was 
confirmed by Raaeke (53) end Mohamed (I4.3) who found that at 
the initial stage of the reaction the sugars and the amine 
compounds combine in the ratio of 1:1. This ratio, however, 
declined as the process developed and approached a ratio of 
1:1.5 to 1:2.0. Under a given set of conditions the effective 
concentration of these components will determine the rate of 
browning. 
B. Other Browning Agents of Potato Chips. 
The correlation between reducing sugar content and 
browning, although generally good, is by no means perfect. 
This suggests that there are factors other than reducing 
sugars and amino acids involved In the browning of processed 
potato products. Hodge (33) observed that the reactions which 
take place in the browning process, i.e., condensation, enoliza 
10 
tion, dehydration, fragmentation and fission, are proton- 
transfer reactions. This explanation follows from the fact 
that the browning reaction is independent of the normal 
atmosphere. This fact was confirmed by Bohart (£) who found 
that the browning reaction progressed uninterrupted in an 
atmosphere of N2. Furthermore, atraospheric oxygen seems 
to inhibit the rate of progress, probably by rendering some 
of the intermediates less reactive. 
Bohart (5>) found that light on the other hand accelerated 
the reaction. He noticed also that some trace metals had a 
marked effect on the rate of browning. Manganese was found 
to retard the browning reaction in a model system. The reac¬ 
tion became sensitive to levels as low as 0.003 p.p.m. and as 
the concentration increased the amount of color produced 
decreased. The effect of Manganese was inhibited by atmos¬ 
pheric oxygen. Under Ng atmosphere no such inhibition was 
observed. Ferric ions on the other hand accelerated the re¬ 
action. Light and atmospheric oxygen enhanced the effect of 
these ions. 
Schwiramer (61) showed that when hexo-phosphate reacts 
with amino acids, ortho-phosphate radicals are liberated which 
will invigorate dehydration and thus accelorate the browning 
reaction. This observation was later confirmed by Schwiramer 
(60). Recent work by Townsend (9l|.) suggests that the mechanism 
through which the inorganic phosphate acts is by promoting 
the acicity of the medium. This in return provides conditions 
for sucrose hydrolysis which will yield reacting reducing 
11- 
sugars thus promoting the browning reaction through increased 
concentraction of the latter* 
There is not conclusive evidence in the literature of 
the mechanism through which ascorbic acid enters the brown¬ 
ing reaction. According to Hodge (33) ascorbic acid can be 
classified as a carbonyl, or potential carbonyl radical. 
Seaver showed that ascorbic acid reacts readily in a 
model system, with glycine, but with the exclusion of air 
no browning occurs. Kappanyi (36) indicated that it is not 
the reduetone per se but the deydro-form that is the prime 
source of the browning reaction, and as such can be regarded 
as an intermediate reduetone produced curing the degradation, 
which will subsequently react with amino compounds to form 
the browning pigment. Hodge (33)* In a recent work Dulkin 
(17) substantiated the conclusion that in order to react 
the ascorbic acid has to be oxidized first to the labile 
farm of 2,3-diketo gluconic acid, but he did not find 
evidence that the browning reaction will be accelerated in 
the presence of amino compounds* 
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Interrelationshlp between Browning Agents and the 
Color of Potato Chips 
The early investigators of the Browning reaction in po¬ 
tato chips attributed the phenomenon to the presence of re¬ 
ducing sugars and to the changes which occur in sugars 
during heating, (13)# (lijJ, (15)• Th© fact that a highly 
significant relationship exists between the apparent "re¬ 
ducing sugar" content of potatoes and the extent of non- 
enzymatic browning of processed potato chips has been amply 
documented in later reviews by Hodge (33) and Denhey (11), 
Furthermore, substantial evidence shows that this relation 
is causal and direct, owing at least in part, to a typical 
Halliard reaction between the sugar components and the alpha 
amino groups present in the nitrogenous constituents of the 
potato tuber. However, a survey of the quantitative data 
in the literature reveals that tnere is a considerable 
scatter in plots of browning versus reducing sugars. 
Selecting and handling potato tubers to control chip 
color, based upon the premise that color is a function of 
the reducing sugar content have led to inconsistent results, 
Shallenberger (65) analysed four varieties of potatoes at 
several dates of harvest and after certain periods of storage 
at 32°, 40°, 50° and 80°F, for total sugars, reducing sugars, 
non-reducing sugars, total nitrogen, protein nitrogen, 
total soluble non-protein nitrogen, araino nitrogen, basic 
nitrogen, amid-nitrogen and ascorbic acid, and found that 
only the reducing and the non-reducing sugar content con¬ 
sistently correlated with the color of the chips. Habib 
(23) found that the reducing sugar content gave the highest 
correlation and the most reliable factor for prediction of 
chip color. The free amino acid content gave relatively 
low correlation of +0.68 which excludes them as reliable 
constituents for color prediction. However, their im¬ 
portance lies in the fact that in seme cases they may be 
present in rate-limiting concentrations for full develop¬ 
ment of the browning reaction which otherwise would correspond 
to the level of the sugars. In a recent work Habib (24) 
found that although color correlated best to the reducing 
sugar content, increase of dibasic amino acids (i.e. lysin©, 
histidine and arginine) in cold storage yielded somewhat 
darker color in chips. Multiple correlation of chip color, 
total solids, reducing sugars and amino acids gave a cor¬ 
relation coefficient only slightly higher than that obtained 
by comparing chip color with reducing sugars. 
Later work by Shallenberger et al. (66) Indicated that 
both the reducing sugar content and the non-reducing sugars 
were concerned with chip color. The results were expressed 
in the following equations: 
Y vs. Xx - 0.859** 
Y vs. Xg - 0.386** 
Y vs. Xx + Xz - 0.983** 
-15- 
where Y represents color and X£ represent reducing and 
non-reducing sugars, respectively. According to these re¬ 
sults, multiple correlation which includes color and both 
reducing and non-reducing sugars gave the highest correlation 
coefficient. Shallenberger offers the explanation that the 
reason for the poor correlation of total sugars with color 
is due to the fact that sucrose must be hydrolysed before 
it can react with the amino radical and therefore does not 
enter the reaction as readily as reducing sugars. The high 
multiple correlation coefficient obtained between the re¬ 
ducing sugars and the potato chips* color suggests that the 
functional nitrogen of the potato tuber is available in 
non-rate-limiting concentration. Analysis for amino and 
protein nitrogen of the potato tuber, indicates, according 
to Shallenberger, that the reactive nitrogen of the potato 
tuber could seldom if ever, limit the non-enzymatic browning 
reaction in potato chips. 
Schwimmer (63) tried to find a principal factor in 
assessment of quality of processed potatoes for chips. In 
spite of the control or elimination of several factors which 
might lead to an observed scatter, mainly laboratory 
techniques, he arrived at the following conclusion: 
Malthough there is a fair degree of statistical 
interaction among the measured variables the 
reliability of a single measurement, leaves much 
to be desired in attempting to place the browning- 
sugar relation on a firm causal basis •** 
According to the author although correlation coefficients 
16 
were greater than 0.9, sugars measurements, or any combination 
between them, do not yield sufficient information to establish 
an exclusively complete causal relationship between reducing 
sugar components and the extent of browning. Schwimmer (63) 
is in agreement with Shallenberger as to the role of amino 
nitrogen in the browning reaction. His data indicates that 
variations in the functional groups of amino nitrogen failed 
to reflect corresponding changes in the browning of the chips 
and ascribes the reason to their presence in non-rate-limiting 
concentrations. In connection with this view Smith (80) found 
in recent work, that protein can be excluded as a variable, 
since no evidence was found that amino protein in the potato 
tuber, either soluble or insoluble, reacts with sugars in 
carbonyl-amino systems to yield brown color. Different har¬ 
vesting and storage treatments failed to introduce a variable 
through this factor. 
Schwimmer (63) suggests that unmeasured variations in 
the levels of direct, or possible indirect factors contribute 
to the scatter in observations, and mentions three possible 
factors: 
trace metals 
phosphate ions and 
organic acids. 
The effect of trace metals was described by Bohart (5>) 
and was discussed in the previous chapter. Several investi¬ 
gators noticed that phosphate ions may affect a markedly in¬ 
fluence on the browning reaction. Work of Arreguin (3) 
-17 *• 
Indicated that considerable quantities of glucose-6-phosphate 
said fructose-6-phosphate exist in the potato tuber. He also 
found that the phosphate moity is loosely held by these 
esters and are readily liberated to provide strong acidic 
agents. Sehwiramer (59)# (60) was able to show that hexo- 
phosphate radicals will liberate ortho-phosphate ions, upon 
reaction with amino groups, in carbonyl-amino system. These 
may affect the browning by hydrolyzing non-reducing radicals# 
like sucrose, or by promoting the dehydration of sugar in¬ 
termediates which will be rendered more reactive (Illus. l). 
Shallenberger (66) speculated that this was one of the factors 
which provides for sucrose hydrolysis* Strong evidence was 
suggested in a recent work by Townsend (9II) that acidic 
conditions per se do not promote the browning reaction sub¬ 
stantially* In addition he points out that inorganic con- 
stitutents have little color enhancing effect. However, the 
importance of inorganic constituents, particularly of phosphate# 
seem to be in the promotion of sucrose hydrolysis# by raising 
the acidity. This view is supported by the fact that the 
prevailing acidity# in the tissue of the potato tuber, was in 
the range of pH Ij..9 - 6.0. Under these conditions# in the 
absence of reducing sugars# the sucrose-amino nitrogen system 
yielded the browning reaction. This may explain, in part, a 
recent observation by Simon (67) on the decrease in browning 
of dehydrated dice treated with calcium chloride previous to 
dehydration. 
18- 
The extent to which the organic acids contribute to 
browning is unsettled. Hodge (33) reports that organic acids 
and their salts accelerate the cararmelization of sugars by 
promoting enolization, and that enolization will occur in 
both alkaline and acidic media, thus providing a radical 
which is easily dehydrated, fragmented and eventually forms 
the brown pigment. Furthermore, the enolization in carbonyl- 
amine systems is faster than in non-amino systems. 
In our review the assumption was that the reducing power 
of potatoes is attributed to glucose and fructose, which to¬ 
gether with sucrose make up the total sugars. Schwimmer et 
al. (62) using proper chromotographic techniques, detected 
the presence of reducing sugars other than glucose and 
fructose. This was confirmed by Habib (25>) who demonstrated 
the presence of xylose, maltose and certain sugar phosphates. 
In potatoes with very low sugar content these trace sugars 
may contribute significantly to browning. 
In view of these observations Schwimmer (63) states: 
"From the standpoint of prediction of quality 
of processed potatoes subjective or semiquantitative 
appraisal of chip color may constitute at least as 
adequate an Index of quality as any of the more 
elaborate objective measurements undertaken in the 
laboratory.” 
In the light of the previous discussion it is clear that 
the sugar content of the potato tuber can not be a perfect 
index for the quality of potatoes for chipping. The correla¬ 
tion between browning and si^ar content, however, is generally 
good and In order to secure suitable raw material of low 
19- 
browning tendency it is general practice to use potatoes which 
are poor sugar producers and to expose them to treatments 
which will keep the reducing sugar content down. Wright (107) 
found that chips with the most desirable color came from 
potatoes averaging 0.18 per cent reducing sugars. Potatoes 
making chip3 that were barely salable average 0.92 per cent 
reducing sugars. Talburt (85) found that in most instances, 
acceptably colored chips may be made from potatoes of less 
than 0.2 per cent of reducing sugar on fresh weight basis. 
Smith (72) observed that only one of 156 samples with re¬ 
ducing sugars above 0.25 per cent produced acceptably colored 
chips. As reducing sugars accumulated above this percentage, 
the color of the chips darkens very rapidly. With further 
accumulation, no further darkening of chips occurs from 
potatoes with more than 1.25 per cent reducing sugars. 
20- 
Factors Affecting the Buildup of t lie Browning Agents 
in the Potato Tuber 
In the first two parts of this review it was shown that 
the chemical composition of the potato tuber is directly re¬ 
lated to the quality and color of the tuber when made into 
chips * The chemical composition of the tuber is determined 
during the growing season and subjected to changes during 
storage# 
A* Effect of Variety# 
Among the factors of primary importance is the varietal 
characteristics of the potato tuber and its tendency to 
accumulate chemical constituents which cause browning during 
frying. Talbuc t and Smith (8£) list some of the common 
varieties in respect to their tendency to accumulate these 
constituents when grown and stored under usual conditions. 
i 
Varieties such as Green Mountain, Pontiac, Bliss Triumph, 
Ontario, Honna, Erie Essex, Mohawk and Warba are listed as 
unfit for commercial use. Varieties such as Canus, Kennebec, 
Chippewa, Russet Rural, Russet Burbank, Smooth Rural, Katahdin, 
Sebago, Pungo, Yampa and Norkoto yield good to excellent color, 
unless mishandled in transit or storage. There is hardly a 
variety, however, which is consistent in performance during 
frying* Growing conditions in various production areas 
influence the tuber. Also, the performance of a given variety 
•21- 
may change from one time of the year to another* There can be 
as much difference between the same variety grown under different 
conditions, or in different areas, as there always is between 
any two varieties* 
Different investigators are not always in agreement as 
to the response of a given variety; the difference can evidently 
A 
be attributed to different environmental conditions, Pindlen 
(23) showed that different nitrogen rates did not induce sig¬ 
nificant difference in the color of chips of Katahdin, Irish 
Cobbler and Kennebec varieties under conditions which prevail 
in the Red River Valley in Minnesota, These results are in 
agreement with the findings of Denney and Thornton (14), They 
are somewhat in contrast with other work, however, Habib (24) 
reported that Katahdin grown at high nitrogen levels resulted 
in chips of significantly better color than at higher levels. 
This is supported in part by the work of Sawyer and Dallyn 
(58) working with Irish Cobbler and Katahdin potatoes at Long 
Island* They observed that potatoes receiving 175 lb*-N per 
acre, gave the lightest chip* Conversely, Murphy and Goven 
(43) presented data from Maine which showed a trend toward 
poorer chip color as the nitrogen application rates were in¬ 
creased* The results were most striking with Katahdin and to 
s lesser extent with Kennebec anil Russet Burbank varieties* 
Akeley (1) reported that in a trial with 18 varieties, light¬ 
ness of color of chips was correlated with earliness of 
planting in all but two varieties, Kennebec and Irish Cobbler 
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responded very little and yielded acceptable color of chips, 
with little variation, regardless of date of planting# 
Whitman (102) rated six varieties grown in 194-7 for 
color of chips from lightest to darkest as Russet Rural, 
Sebago, Russet Burbank, Chippewa, Katahdin and Irish Cobbler# 
t ___ v 
The same varieties grown in 194*8 were rated as Sebago, Russet 
Rural, Irish Cobbler, Chippewa, Russet Burbank and Katahdin# 
Differences in the tendency to accumulate chemical con¬ 
stituents which will cause browning upon subsequent frying of 
the potato tuber can be Imposed not only by different condi¬ 
tions of growth but also in storage and subsequent recondi¬ 
tioning# Variety appears to influence not only the capacity 
of the tuber to recondition but also the length of conditioning 
time necessary before light colored chips can be produced (24-), 
(42), (89)# 
Layman (41) in a recent work arrived at the conclusion 
that Russet Burbank has several characteristics which make 
this variety of special interest to the processor. It tends 
to mature early and yields tubers with high specific gravity. 
This variety can be stored for a long time and the time 
needed to recondition the tubers to provide for good color 
of chips Is much shorter than with other varieties which are 
exposed to the same conditions. Miyamoto (4*2)# 
B, It is commonly known that quality of chip color is 
associated with the maturity of the potato tuber# Shallen- 
berger (65) found that more mature tubers on the day of harvest 
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of four varieties of potatoes produced the best color* Further- 
more, upon subsequent storage at different temperatures for 
eight months, the mature tubers did not accumulate as much 
sugar as did the tubers which were immature* Habib (25) showed 
that mature tubers of Katahdin and Kennebec varieties tend to 
decrease in their di-basic amino acid content in cold storage, 
thus providing for lower concentration of functional groups 
which were effective in the browning reaction during the 
frying process* 
Hope (3i{.) feels that the term "maturity11 as applied to 
potatoes leeks precision, but its approach is usually estimated 
by the degree of senescence evident in the potato tops, or if 
the normal season of a variety is known, by the time from 
planting to harvesting* In his recent work, Hope (3l|-) de- 
". ' 53* 1 . 
terrained maturity rates by making estimates of the percentage 
' 
of dead leaves at harvest date, and showed that maturity of the 
tubers was found to have a definite effect on the color of the 
potato chips. 
According to Talburt (85) and Smith (71) environmental 
conditions affect the chemical composition of the tuber of a 
given variety, by the promotion or retardation of the matura¬ 
tion process, thus affecting also the chemical balance of the 
tuber, which would be expressed in color when the tuber is 
fried into chips* The environmental factors must therefore 
be considered from this point of view* 
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C. The Climate and Location Factor* 
The available assimilates for the production of the potato 
tuber are dependent on the capacity of the plant to manufacture 
food over and above the amount which is needed for growth and 
maintenance, i.e., respiration* Bushness (8) showed that when 
light intensity did not increase in proportion to temperature, 
the production of the tubers decreased markedly* Werner (100) 
showed in a series of studies on the effect of temperature and 
photoperiod on the tuber production, that the growth of top 
and production of tubers have somewhat different requirements. 
The growth of tops was favored by high temperature and long 
days, but early tuberization was favored by low ten^erature 
and short days* The highest ratio of tubers to top was found 
under low temperature-short day conditions, but maximum pro¬ 
duction was at low temperature and intermediate day lengths. 
Thompson (90) reported that the optimal temperature which 
provides optimal production of tubers is obtained with grow¬ 
ing season temperatures averaging between 60 and 65°F. 
The tuber is Induced to maturity when conditions become 
unfavorable for vegetative growth of the top. In respect to 
this Werner (100) also found that restricting growth by with¬ 
holding nitrogen resulted in higher productivity at higher 
temperatures than when nitrogen was supplied abundantly. 
Under favorable conditions for growth, i.e., high temperatures, 
an abundant supply of nitrogen resulted In plants with large 
tops and low productivity of tubers. Cool weather, however. 
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can act as the limiting factor even when nitrogen is abundant 
r 
and the plait can be forced into maturation. This view is 
supported by Sawyer (£8) who found that under conditions pre¬ 
vailing at Long Island, nitrogen treatment failed to affect 
the color of the chips when weather conditions allowed the 
vines to go into maturity. Other investigators hold similar 
opinions. 
Salunkhe (57) conducted an experiment for two years in 
two localities, with several fertilizer treatments and found 
that although fertilizer treatments were reflected in the 
color of the potato tuber, the influence of the climatic con¬ 
ditions prevailing at a given locality affect the color of the 
chips more markedly* Eastwood (21) found that conditions 
which reduced yield, such as limited rainfall coupled with 
cool weather, seemed to produce better chip color. If con¬ 
ditions, toward the end of the season, were conducive to slow 
growth, yields were substantially higher and the tubers pro¬ 
duced good color upon subsequent frying. 
Thompson (91) allowed potatoes of the Russet Rural 
variety to mature under normal day temperature and four night 
temperatures of 65, 55# 45 and 38° P. Tubers maturing at night 
temperatures of 65 and 55° F* made acceptable chips at har¬ 
vesting and conditioned satisfactorily. Potatoes grown at low 
night temperatures yielded dark chips at harvest time and failed 
i 
to recondition. The color of all samples of chips showed the 
same color gradient in relation to maturation temperature at 
harvest, and in storage. 
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Soil temperature also seems to affect the color of the chip. 
Smith (7I4.) noticed that there was a close relationship between 
soil temperature and chip color on the day of harvesting. When¬ 
ever soil temperature, at the depth of four inches, went below 
ij.O° F. for several days or nights, dark color chips were pro¬ 
duced. Yamaguchi (108) conducted an experiment in three locali¬ 
ties in California where mean soil temperatures during the 
growing season were £6*7, 51*6, and k3*2° F. The corresponding 
mean air teir?) era ture s were 63.5* 57.1 and i|.8.1° F., respectively. 
He found that when mean soil temperatures were above 55° P. the 
tubers showed a slight tendency to darken when made into chips, 
and concluded that although cultural conditions differed at 
, * 
t 
various locations the results appear to demonstrate that soil 
temperature had considerable effect on the color of chips. 
D. Soil Moisture. 
Another important factor in the development of browning 
agents in the potato is the amount of available moisture in the 
soil. Pratt (49) found in 19lj.9 that irrigated potatoes in New 
York state responded in higher productivity and produced tubers 
with specific gravity of 1.070 as compared to 1.063 of unirri- 
gated potatoes. In 1950, irrigated and unirrigated potatoes 
had the same specific gravity, 1.067, whereas in 1951 irrigated 
were 1.078 and unirrigated 1.081. These findings indicate 
that there is more than one set of factors involved. A high 
available moisture supply in itself may tend to lower dry 
matter content of the tuber, but at the same time tends to 
even out and lower soli temperatures, with relatively small 
fluctuations. In a growing season with high air temperatures 
the addition of water will lower the soil temperature thus 
retarding the loss of carbohydrates through respiration. 
Talburt (85) concluded that if moisture amounts to more than 
the plant can utilize for maximum growth it may result in 
potatoes of low specific gravity and chips of dark color. 
Smith (72) found that in cool seasons irrigation caused 
> * • i $ 
potatoes to produce chips of dark color. In hot seasons no 
* » * » 
difference was noted. The author concluded that the effect 
is due to the lowering of soil temperature by irrigation, 
i 
during hot seasons. Salunkhe (53) obtained similar results 
with several varieties in respect to the available moisture 
in the soil and air temperature. In a growing season with 
high temperatures irrigation resulted in good chip color, 
whereas in a cool and excessively humid season they yielded 
poor color. 
Several investigators have studied the problem of avail¬ 
able moisture with respect to the movement of gases through 
the soil and its effect on the color of potato chips. Smith 
(73) showed that carbon dioxide increased in tubers stored 
under moist conditions. Miyamoto (]p2) showed that tubers 
subjected to high humidity or 10 per cent carbon dioxide 
were inferior in color compared with tubers which were stored 
in dry and ventilated air. Similar effects were obtained 
by others (Hj.), (92). Kushman (39) studied the relation of 
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soil moisture to the carbon dioxide and ojygen content of 
potatoes and to their chipping quality, and found that excessive 
moisture in soil resulted in poor color of chips* Although 
the carbon dioxide content was somewhat higher in the tubers, 
the author felt that more data was needed to elucidate the 
relationship of soil moisture to chip color* 
Smith (71), Kushman (39) and Xamaguchi (108) recommend 
li^bt, well drained soil in areas where excessive moisture 
coupled with cool seasons may result in tubers which will 
produce dark color when made into chips* 
E* Effect of Mineral Nutrition on the Color of Potato Chips* 
Potatoes require large quantities of mineral nutrients 
for maximum growth and yield, particularly nitrogen and potas¬ 
sium* However, fertilizers applied to potatoes affect their 
processing quality* Smith end Kelly (79) and others (I4.), (75), 
i . ■ 
(76), (77)# (73) showed that as the general level of fertility 
of the soil is increased the ^ecific gravity and dry matter 
of the tubers decreased. Potatoes with the highest dry matter 
content are produced frequently on soils where no fertilizer 
has been added. The problem which the grower of potatoes for 
processing faces is finding the best level of fertility which 
will result in sound quality and substantial yields. It was 
shown amply in the literature that fertilizers do affect color 
of chips. 
The total nitrogen absorbed by the potato plant was found 
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to vary with the length and favorableness of the season, and 
the amount provided by the soil and fertilizer. In Maine, 
Hawkins (28) found that with potatoes fertilized with 100 lb. 
N per acre in a complete fertilizer, the total amount absorbed 
by the plant varied from approximately 100 lb. per acre with 
some varieties that died prematurely in a dry season, to 
about 1 0 lb. by others, in an exceptionally favorable season. 
It was found that the net absorption was as much as 120 lb. 
per acre, more than applied in fertilizer. Hawkins (29) found 
that the most critical period, in respect to the availability 
of nitrogen, is 20 to 50 days after emergence. This is In 
agreement with the recommended practice suggested by Smith (71)* 
The requirements in different localities may vary. In 
Maine, Katahdin responded appreciably in yields up to the 
highest amount used, 150 lb. N per acre, when planted on land 
in which potatoes were raised in previous years. However, 
where Katahdin potatoes followed clover or clover and rye¬ 
grass, no increase In yield was obtained with more than 90 
pounds of nitrogen (30). Terman (87) found that with improved 
methods of insect and disease control vines remained green 
later in the season and responded occasionally to rates up to 
180 lb. N to the acre, but usually the highest yields were 
obtained with 90 to 120 pounds. Sawyer (58) obtained in¬ 
creased yields under Irrigated Long Island conditions with 
up to 210 pounds nitrogen to the acre with Katahdin and Irish 
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Cobbler. He is in agreement with Hawkins (29) who found that 
the early period of growth is critical for the nitrogen nu¬ 
trition of the crop# Little benefit was found by both from 
distributing nitrogen through the season. 
lawyer (50) found that potato plants responded to mid¬ 
season applications not because of leaching of nitrogen from 
rain, but because the amount added, after planting, was 
needed for optimal growth and production# Both Sawyer (58) 
and Hawkins (29) warn against excessive use of nitrogen after 
planting. Too low amounts at planting time will retard the 
development of the plant and at the same time late applica¬ 
tions of fertilizer delayed maturity# Sawyer (58) found a 
tendency in tubers which received all the nitrogen at planting 
time to produce lighter chips, and believes the lighter color 
resulted from maturity in the plant# Bradley (6) feels that 
nitrogen fertilization coupled with favorable growth condi¬ 
tions, i#e., available water and optimal growth temperature 
in the early pert of the growing season, will provide for 
better top growth which in turn will increase the msnufacturing 
capacity of carbohydrates by the plant and will result in 
sufficient productivity in midseason to offset losses when 
the plants are induced into maturity toward the end of the 
season# 
It was substantially shown that color of chips is closely 
associated with degree of maturity of ths tuber, and when 
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growth, conditions are favorable, nitrogen, unless applied 
moderately, will delay maturity. Reports from several pro¬ 
duction areas indicate that nitrogen often fails to retard 
maturity, probably because of some unfavorable growth condi¬ 
tion. Smith (72) showed that under conditions prevailing in 
New York State the color of potato chips became darker as the 
amount of nitrogen increased from 50 pounds to 150 pounds per 
acre. Similarly, Murphy and Goven (Ij.3) in Maine found a 
trend toward poorer chip color as the nitrogen rates were 
increased. Although Katahdin demonstrated greater re¬ 
sponsiveness than Russet Burbank and Kennebec, the effect 
was evident with all the varieties under observation. The 
greater sensitivity of Katahdin resulted in objectionable 
color of chips when the nitrogen application was excessive, 
but with Kennebec and Russet Burbank the effect of excessive 
nitro en on color of chips was retarded. Conversely, Habib 
(25) showed that Katahdin potatoes grown at high nitrogen 
levels resulted in chips with significantly better color. 
TSastwood (20) felt that the data was weak in support of 
possible interaction between the nitrogen level and potato 
varieties in respect to chip color, and stated that the use 
of extra nitrogen fertilizer above that needed to support 
adequate growth does not consistently and definitely improve 
chip color. The location factor had a much greater effect 
upon chip color than did nitrogen level. Findlen (23) found 
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that under the conditions of the Red Veil©/ of Minnesota, 
nitrogen rates of 0, 30 and 60 pounds to the acre in 195>6 
end up to 180 pounds in 1957 did not have any effect on 
chip color* 
In a recent work, Hope (3I4.) demonstrated the relation¬ 
ship between maturity and color of chips and found that as 
nitrogen retards maturity the potatoes will chip darker. 
He also showed that the amino acid content of the tubers 
increased with progressive rates of nitrogen, but found only 
slight difference in sugar content between tubers of dif¬ 
ferent degree of maturity. Kennebec yielded satisfactory 
chip color, however, even from the most immature tubers. 
Chock (9) found that nitrogen fertilization depressed 
calcium absorption in the Katahdin variety and that higher 
calcium content of tubers was associated with improved chip 
color. This is In agreement with Simon (67) and others (63), 
(9ij.) who imply that calcium in the tubers may alleviate the 
effect of ions which increase the acidity of the tuber thus 
providing conditions for hydrolyzation of sucrose into 
fructose and glucose. 
Potash applications affect both yield and quality of the 
tubers. The amount applied, and source of potash both affect 
quality of the tubers. Kunkel and Smith (38) obtained In¬ 
dications that, heavy applications of potash result in potatoes 
which produced lighter chips than those with lower amounts. 
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Eastwood and Watts (21) also reported that higher levels of 
potash tended to improve chip color slightly* They questioned, 
however, the commercial value of using high rates of potash* 
They also found that although there was not significant dif¬ 
ference, muriate of potash in general produced a slightly 
better chip color than did sulfate of potash* This finding 
was substantiated by Murphy and Woven (1|3) who reported that 
the use of sulfate of potash had a tendency to produce darker 
chips than did muriate of potash, but showed that lower rates 
of potassium sulfate, i*e*, 120 lb*, has a tendency to darken 
chip color more than the higher rate of 2i|.0 pounds to the 
acre, over a period of three years* Lately Pindlen (23) re¬ 
ported that potash did not have an important effect on chip 
color, but showed that potash will increase the fertility of 
the soil and as a result the tubers would have lower specific 
gravity. The variable results reported by several investi¬ 
gators can probably be attributed to different climate, soil 
conditions and varieties* 
Oldlsnd (Ij.5) pointed out that on land under continuous 
culture of potatoes very little response was obtained from 
applications of potash and phosphorous, as these elements ac¬ 
cumulated from applications from previous years* 
Eastwood and Watts (20), (21) reported that the sensitivity 
of the plant increased with favorable growth conditions* They 
also found that the Katahdin potato showed greater sensitivity 
to potash applications in production of better chip color, 
than did Russet Rural. 
There is limited information in the literature on the 
effect of phosphorous on chip color. Haugland (27) indicated 
the importance of phosphorous in tuberization and maturity of 
the potato tuber. By using special solution culture, Hauglsnd 
showed that phosphorous was essent al for vine and tuber de¬ 
velopment at the early stage of life. Furthermore, at the 
later stage of growth, phosphorous moved from the vines to 
the tuber. Analysis showed that 74- per cent of the plant 
phosphorous was in the vines and 26 per cent in the tuber at 
the 5>0 day growth stage, end 10 per cent in the vines and 90 
per cent in the tuber after 112 days of growth. He states that 
the relation between plant phosphorous and tuber development 
emphasizes the fundamental importance of plant phosphorous, 
especially in metabolism of starch. This view is supported by 
Yamaguchi (108) who indicated that while nitrogen decreased 
the specific gravity of the tuber, phosphorous increased it 
r .<• 
and accelerated maturity, Oldland (45) and Haugland (27) point 
out that phosphorous tended to accumulate in the soil and as 
a result the plant does not respond proportionally to progres¬ 
sive levels of application. Although the ir^>ortance of phos¬ 
phorous in plant mineral nutrition and effect on maturation 
was pointed out, Kunkel and Smith (38) obtained indications 
that large phosphate applications ms 7 'result in tubers that 
produce slightly darker chips, Schwimmer (60) found that an 
excessive amount of phosphorous in the soil may lead to the 
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accumulation of this nutritional element in the tuber. In 
view o this finding there Is a probability of direct cor¬ 
relation between the proportion of phosphorous in the tuber 
and tie opinion expressed by several Investigators (63), (67), 
(94) on the role of phosphorous in the browning process. 
F. Length of Growing Season. 
Although maturity is highly desirable In potatoes for 
processing, the tubers are often harvested before they reach 
maturity as a result of fluctuation of quantity demanded at 
the market. But the longer the growing season the more 
opportunity the tubers would have to achieve maturity. During 
the last decade ample fertilizer and better equipment and 
materials for the control of insects and late blight increased 
the productivity and also the effective growth period of the 
potato plant. Such practices may have increased rate of growth 
during certain periods, but* as Akeley and Stevenson (1) pointed 
out, most Increased yields and specific gravity and maturity of 
the tubers have resulted from the extension of the growing 
season and with earliness of planting. Their experiment was 
conducted over a period of three years with four planting 
dates, a week apart, starting May 5« Yields, specific gravity 
end color improved with earliness of plaiting of six varieties. 
However, Kennebec and Irish Cobbler produced acceptable chips 
regardless of the date of planting. Salunkhe (53) conducted 
0 similar experiment In two localities with four plantings, 
several fertilizer and Irrigation treatments over a period of 
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three years# Although there was variation between years, 
fertilizer and irrigation treatments, earliness of planting had 
a direct bearing on yields, specific gravity and color, Terman 
(68) noticed that in hot seasons the plants and the tuber will 
reach maturity earlier with a peak of specific gravity in mid- 
August, whereas in a cool and rainy season the specific gravity 
continued to increase as long as the vines remained alive, and 
maturity was delayed. Smith (71) emphasised that time of emer¬ 
gence may be more important in this respect, since this latter 
factor determines, to some degree, the time at which the 
potatoes start to manufacture their own food. 
Delayed harvesting, as expressed in the color of the 
chips, is obviously connected with providing more time for 
the tuber to mature. This finding was confirmed by Hope (34) 
and others (1), (59), (65), (71)* (76) who pointed out also 
that this holds true especially for seasons with favorable 
conditions for growth. Hope (34)* who established a criteria 
for maturity, found a highly significant interaction between 
maturity and level of nitrogen and suggested that with in- 
• , ' 
creased levels of fertilization earliness in harvesting might 
be detrimental to quality since reducing sugars content in¬ 
creased with eorllnes3 of harvesting of immature tubers. 
Smith (71) and Akeley (l) warn against delaying harvesting for 
too long since temperatures below 4^° in the late season may 
endanger the chipping qualities of -he tubers. 
H# Vine Killing. 
As pointed out, favorable growth conditions in the late 
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season tend to promote excessive vine growth, thus retarding 
the maturity of the potato tuber. Aside from fertilizers, soil 
moisture and temperature, control of weeds, insects and disease 
may play an important role in this respect. Eastwood (19) re¬ 
ported a slight increase in darkness of chips from potatoes grown 
in areas where weeds were controlled with pre-emergence appli¬ 
cations to the soil of 800 end 1200 pounds cyanimid to the acre 
and 3-p-chlorophenyl-l-l-dimethylurea (CMU) at 1 and 2 pounds 
per acre, but no effect was obtained from non-nitrogenous herbi¬ 
cides. He postulated that the nitrogenous compounds were re¬ 
covered as amino compounds in the tuber thus increasing the 
concentration of functional groups which were effective in the 
browning reaction* Talburt (85) mentions an experiment carried 
on by Smith over a period of 3 years with pre-emergence di-nitro 
compounds and which produced no effect on chip color. 
Although there is little proof that competition of weeds 
with the potato plant induced early maturation, there is strong 
support for the idea that insects induce slow death, thus in¬ 
ducing maturation of the plant. Smith (70) obtained lighter 
color of chips from a crop which received no D.D.T. than from 
those which were sprayed ten times with this ingredient* It 
was also found that omitting D.D.T, from the last two or three 
fungicide sprays resulted in lighter color of chips than from 
potatoes sprayed with D.D.T* or parathion all season* 
Slow death induced by insects evidently results from 
translocation of food from the leaves to the tuber thus 
enhancing maturity. This cm not be brought about with 
recent practical control measures and as a result, vines tend 
to grow longer. Green vegetative plants tend to make the 
process of harvesting, which is usually done mechanically, 
more difficult. This necessitates killing the vines, either 
by the use of chemicals or mechanically with a rotobeater, by 
cutting the vines of the potato plant (71)# Seasonal and en¬ 
vironmental conditions, however, do have a. direct bearing on 
the advisability of vine killing. Smith (72), reported that 
under hot, dry conditions plants were forced into earlier 
maturity. Killing the vines yielded chips which were darker 
than the control, since the translocation of food to the tuber 
and the consequent maturation process in the tuber were stoped 
Terman (88) reported that during the hot dry season of 1950 
potatoes grown in Maine reached their peak specific gravity 
in mid-August. On the other hand, in the cool season of 1951 
the t ibers continued to gain weight and specific gravity as 
long as any portion of tne vines remained alive. In the latter 
case, although seasonal conditions were not favorable plants 
made continued vegetative growth which necessitated killing the 
vines. In all cases, the color of chips was correlated with 
na turity. 
Akeley (l) showed that different varieties behave differ¬ 
ently In respect to vine killing. Irish Cobbler, an early 
variety, gave light color of chips regardless of the date of 
vine killing after August 15* Late varieties did produce 
better color when vines were killed late, although difference 
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among varieties was apparent* Kennebec was much less prone 
to express the effect in the color of the chips, whereas 
Katahdin showed higher responsiveness to vine killing* 
Various investigators (71)# (85), (88) have found that 
killing vines slowly with controlled doses of chemicals in¬ 
duces slower death thus permitting the plant to translocate 
food from the top to the tuber to a greater extent, and as a 
result, the specific gravity and the maturity of the tuber 
is increased. 
J. The relationship between Specific Gravity of the Potato 
Tuber and Color of Chips* 
The specific gravity of the potato tuber is of prime 
importance since this determines yields and oil content of 
the chips (9)# (85)# (71)* There is also strong support in 
the literature to the fact that high specific gravity is 
associated with lightness of color in potato chips. 
Goldwaite (35) and Stevenson (82) conclude that no two 
potato tubers are exactly alike in composition, even though 
they are from the same variety or the same hill. Berwell (7) 
and Clark (10) have shown that even though wide differences 
in composition between individual tubers do occur they can 
be graded into most uniform cooking products by means of 
specific gravity separation. Whitman (102), in pointing out 
the importance of specific gravity to the potato chip industry 
showed that for any given variety the high specific gravity 
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tubers yielded a higher per cent of lighter and more attractive 
color of chips than those produced from lower specific gravity 
tubers* Later Kunkel (37) showed that when 20,000 pounds of 
tubers of Russet Rural variety were separated into specific 
gravity groups of 1,0777 and 1,0916, the color of the chips 
from the high specific gravity group were lighter and preferable 
to those from the low group. This observation has been verified 
by several investigators (1), (45)* (57)# (58), (88), Lately 
i" 
Lyman (41) conducted an experiment in which tubers of the Russet 
Rural variety were divided into two groups of high (1,100) and 
low (1,080) specific gravity and placed in storage at tempera- 
tires of 40 and 50° F, for several time intervals. By analysis 
of variance she showed that the color of chips from the higher 
specific gravity group was significantly better after several 
periods of storage and required less time for reconditioning. 
The literature indicates that the connection between 
spec fic gravity of tubers and color of chips produced is not 
always obvious. Some varieties, such as Green Mountain, are 
high in specific gravity but make very poor chips, Akeley (1) 
showed that Kennebec and Irish Cobbler increased in specific 
gravity with earliness of planting, but gave acceptable chips 
regardless of the date of planting, Salunkhe (56) noticed 
that Russet Rural and Kennebec varieties with high specific 
gravity in some years gave light color of chips with earlier 
planting, but the following year tubers with the same specific 
gravity gave appreciably darker chips. Likewise different 
growth conditions have different effects on color and specific 
gravity. Eastwood (20), (21) found that specific gravity de¬ 
creases with increase in potash level, whereas color of chips 
became lighter. Salunkhe (56) reports that irrigation affected 
color but not specific gravity, probably through lowering soil 
temperature. Similarly, Smith ill±) noticed that increasing 
soil temperature had a marked effect on formation of sugars in 
the tuber and resulted in dark chips, regardless of the increase 
in specific gravity later in the season. The same effect was 
also noted by Hamaguchi (108). 
Peterson (1^8) showed that spraying vines with Maleic 
Hydrazide resulted in lower sugar content in the tuber. 
Salunkhe (57) conducted an experiment in which he demonstrated 
that with preharvest application of Maleic Hydrazide Husset 
Rural, Irish Cobbler and Sebago varieties resulted in a larger 
number of tubers In higher specific gravity groupings. With¬ 
in the same specific gravity groupings. Maleic Hydrazide 
treated Sebago potatoes gave chips which were slightly superior 
to the control In color quality, and suggested that this chemi¬ 
cal may interfere with the activity of the phosphorylase sys¬ 
tem which normally controls the degradation of starch to sugar. 
It seems that conditions which increase specific gravity 
also tend to form tubers with low sugar content. Talburt (88) 
points out that starch comprises the major proportion of the 
dry matter and that the percentage of non-starch solids in 
the fresh tuber is relatively constant. Most of trie factors 
which tend to increase specific gravity also increase starch 
content, thus decreasing the percentage of non-starch com¬ 
ponents such as sugars, unless the mechanism through which 
sugar is converted into starch is interfered with either by 
environmental conditions, i.e., temperature, or chemical 
agents* 
I 
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Effect of Storage on Accumulation of Browning Agents 
The dark color of potato chips made from tubers stored 
at low temperature has long been recognized as a problem of 
the chipping industry# Yet, since production of chips is a 
year-round industry, low storage temperatures are frequently 
needed to secure raw stock# The function of storage is to 
maintain the potato tuber in good condition, preventing ex¬ 
cessive loss of moisture, rotting and sprouting, but as far 
as the chipping industry is concerned, the prime concern is 
preventing the accumulation of the chemical constituents which 
cause browning on subsequent frying. 
Appleman (2) mentioned three processes which occur in 
potatoes during storages 1. respiration, which utilizes su¬ 
gars by converting them into carbon dioxide and water; 2# con¬ 
version of starch to sugars by amylolitic enzymes; 3. con¬ 
version of sugars to starch by starch-synthesizing enzymes# 
Several factors are responsible for maintaining an equi¬ 
librium between the sugars and the starch in the potato tuber 
under a given set of conditions. 
A# Effect of Storage Temperature on Sugars. 
Sweetman (81}.) showed that large increases in total sugars, 
primarily reducing sugars, occur in tubers stored at 3I4.0 and 
37° P* As temperature went up to 38° and 42° P* less sugars 
accumulated in the tuber with a slight reduction occurring at 
50° and 600 Wright (106) found that the dividing line between 
relatively high and low sugar content occurred between storage 
at 50° and 4.0° F, Potatoes stored at $0° and 60° F. maintained, 
for some time, the sugar level before storage* Denney and 
Thornton (15) found sugar formation to be accelerated at temper¬ 
atures below 14.6,5° to i|.5° F*# and as a result tubers exposed to 
temperatures below this critical point sprout more extensively 
compared to tubers maintained at higher storage temperatures, 
Talburt (85) mentioned a work in which Wolf found that starch 
synthesis is effective between I4.60 and 90° F, 
The expression, of the change in chemical constituents, 
in color when the tubers are fried into chips does not follow 
very closely the level of sugars in the potato tuber. Sweet- 
man (8I4.) showed that chips from tubers stored at temperatures 
ifO0 to 55° F, were superior in color to tubers from lower 
storage temperatures, Wright (36) found that chip color in¬ 
tensified as storage temperature decreased from a range of 
60° - 70° F, to l|.0°, 36° and 32° F. He also found that potatoes 
stored at 50° F, to 60° F, produced the most satisfactory chip 
color, Lyman (41) showed that regardless of storage tempera¬ 
ture, tubers fried directly from I4D0 or 50° F, produced un¬ 
desirable color. This finding is in agreement with Smith (7l|-) 
who showed that Sebago potatoes stored for three weeks at 
temperatures ranging from 35° to 100° F, produced darker chips 
after storage than those made into chips after harvest* How- 
ever, with tubers stored below 59° F* the a ppearance of dark 
chips was earlier, compared to those stored at a temperature 
range above 50° F. The chemical behavior of the tuber, al¬ 
though affected directly by storage temperature, is also a 
function of some other factors* 
The peak of sugar accumulation may differ among varieties 
as was demonstrated by some investigators (25)# (54)# (55)# 
(59)# (97)♦ Hawkins (31) states that the chemical behavior 
of the Irish Cobbler was found most conducive to the produc¬ 
tion of acceptable chips, compared to Sebago and Katahdin 
varieties* Lyman (ipl) found that Russet Rural responded to 
storage temperatures in accumulating sugars to a lesser degree 
than other varieties* 
Varietal inherited characteristics interact with the 
growth conditions end maturity with respect to the chemical 
changes which occur on subsequent storage* Werner (101) 
stated that maturity had a marked effect on the tendency of 
tubers to accumulate sugars at different storage temperatures. 
Findlen (23) conducted an experiment on the effect of fertili¬ 
zer on maturity and found that the more mature tubers were 
not as sensitive to storage temperatures as immature tubers* 
This is further supported by Thompson (91) and Terman (88) 
who showed that the color of all samples of chips showed a 
color gradient in relation to the degree of maturity of the 
tubers. Kastwood (20) and others (1), (13)# (14)# (15)# 
(108) state that the influence of environmental conditions 
becomes weaker with prolonged storage* 
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The preveiling temperatures between harvesting and 
storage may influence the tendency of the tubers to accumu¬ 
late 3ug8rs. Denney and Thornton (16) showed that the rate 
of increase of reducing sugars in storage was influenced by 
the starting date of the storage treatment. When placed In 
cold storage about two months after harvest, reducing sugars 
rose rapidly, and then started to decline. When cold storage 
started four months after harvesting the rate of increase in 
the reducing sugars was retarded and the maximum accumulation 
followed by a decline, which was noted when potatoes were put 
in cold storage earlier, was not observed. 
The sensitivity of the sugar forming system to a given 
low temperature may be reduced by first storing the tubers at 
an Intermediate temperature. Talburt (85) found that when 
the temperature is decreased slowly the accumulation of sugars 
may be greatly reduced, Denney (lij.) found that potatoes 
placed In storage at 41° F. soon after harvest accumulated 
sugar much more rapidly than those held at 57° F. for a time. 
Wright (106) showed that fluctuations in tenperatur e, previous 
to storage, tend to render the tubers more suseptible and as a 
result they accumulated more sugar upon exposure to low stor¬ 
age temperatures. 
Schwimmer (59) showed that during storage at low tempera¬ 
tures reducing sugars accumulate more rapidly than sucrose. 
Tubers of Kennebec, Katahdin and Kusset Burbank accumulated 
a ratio of glucose to fructose of 1.0 at low temperatures. 
As the temperature increased the ratio Increased. Arreguin 
(3) found that tubers stored at low temporatures were high In 
fructose and fructose-6-phosphate. In relatively higher 
temperatures glucose and glucose-6-phosphate were high. 
Respiration, too, may affect the net content of sugars 
in stored tubers through the accumulation of the respiratory 
product. Smith (69) found that carbon dioxide increased in 
tubers stored under moist conditions. Denney (12) showed that 
atmospheres high In carbon dioxide induce accumulation of carbon 
dioxide in the tissue. Denney (lip) and Thornton (92) Indicated 
that after an initial decline the total sugar content increased 
In the tissue when the tubers were subjected to above normal 
levels of carbon dioxide in the storage room, although very 
little change occurred in reducing sugars. Miyamoto (1|2) re¬ 
ported that tubers subjected to either wet air or ten per cent 
carbon dioxide produced dark colored chips at room temperature. 
With poor ventilation and uncontrolled humidity the tubers tend 
to accumulate harmful amounts of sugar and make undesirable chip 
color. At relatively higher storage temperatures the sugar con¬ 
tent may decline after an initial rise in sugar content. This 
effect may be due to the consumption of sugars through respira¬ 
tion coupled in part by the conversion of sugar into starch 
by the enzymatic system. 
B. Effect of Storage Temperatures on Amino Compounds. 
Habib and Brown (2ij.) did not find a significant difference 
in the free amino nitrogen of tubers before and after storage 
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at 40° F. The amount was greatly reduced after exposure to 
temperatures of 75° F* In a later work (25) the same authors 
found that the change In free amino nitrogen which occurred 
during storage is rather small, except for a slight increase 
of the basic amino acids. Subsequent reconditioning at 75° F. 
resulted in their disappearance. Shallenberger (65) reported, 
however, a total nitrogen increase with length of storage which 
also increased the concentration of the amino acids in the 
tuber. 
C. Effect of Storage on Enzymes. 
I,.. • ' j / * 1 : . ■ t •- * , • •   
According to Arreguin (3) and Schwimmer (59) the enzyme 
• : 1 : ' • ■' ; ' ' V ' ’ ' . ( ■ ' • 1 " , : • , ' > ■ 
phosphorylase is responsible for the degradation of starch to 
sugars. The enzyme is active in low temperatures but becomes 
inactive at higher temperatures probably due to the formation 
of inhibitors, which form at high temperatures but disappear 
at low temperatures* 
/ 
Ill* Materials and Methods 
An experiment on the effect of different nitrogen fertili¬ 
zation rates and vine killing on the chipping quality of tubers 
of different varieties of the Irish potato (Solanum tuberosum) 
was conducted during the summer of I960 in three localities: 
1* An experiment on vine killing and different nitrogen 
fertilization rates was conducted on the Ben Albert farm In 
the Worthington area in Western Hampshire County in the Berk¬ 
shire Hills* 
2* An experiment with varieties and nitrogen fertili¬ 
zation rates was carried on in Franklin County at Sunderland, 
on the Charles Warner farm, in the Connecticut Valley* 
3* An experiment on vine killing was conducted at the 
campus area of the University of Massachusetts* 
The objectives of the nitrogen fertilizer rates and vine 
killing trials were to achieve a range of maturities, in the 
potato tubers of the varieties under consideration* 
At Worthington, the potato field soil under observation 
was classified as Berkshire loam* A two year rotation was 
used in previous years; one year of Red Clover and Alsike and 
potatoes In the following year. The variety grown at Worthing¬ 
ton was Kennebec* This variety of potatoes in the past always 
showed good performance of chip color, under cultural methods 
practiced on the farm. The time of planting was May 11, I960 
and the crop was harvested 120 days later on September 8, I960. 
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Four nitrogen fertilizer rates were used. One hundred 
feet of two adjacent rows, spaced 34 inches apart at Ij. to 6 
inches in tne row, represented a plot of nitrogen application. 
Plots were chosen at random. The basic amount used on the 
farm consisted of 1500 lb. per acre of 5-10-10. A nitrogen 
application of 75 lb. N per acre of Ammonium Nitrate served 
as the control and was designated as standard. In addition, 
three iiore levels of nitrogen were used with an interval of 
25 lb. per acre between treatments. The entire range of the 
fertilizer trial was; 
1. ?5 Ib.-N per acre Standard 
2. 100 lb.-N per acre Low 
3. 125 lb.-N per acre Medium 
Ip. 150 lb.- per acre High 
The basic amount of the fertilizer was applied with the planter 
at the time of planting. The additional amounts were applied 
on June 20, I960 as side dressing in a furrow on both sides of 
the rows and covered with two to three inches of soil. 
Half of the plants in each plot of nitrogen application 
were vine killed. The vines were killed in this experiment 
with sodium arsenate 14 days previous to harvesting at the 
rate of 1.5 gallons per acre. This amount was sufficient to 
cause rapid death to the treated vines. Wilting was noticed 
after a short time, and on the following day the vegetative 
part of the treated plants showed obvious signs of death. Pre¬ 
cautions were taken to avoid damage to the untreated plants 
by covering them with tarpaulin. 
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Other cultural practices and spray schedule were those 
used on the farm os e regular procedure. 
At Sunderland, the second location, the plot was a potato 
field cultivated for several years. Soil type was classified 
as Agawam fine sandy loam, A one year rotation was followed 
using potatoes followed by fall planted rye which was ploughed 
down in the spring for the next crop of potatoes. Two potato 
varieties were used at Sunderland: 
.* 
1* Katahdin, which represented a leading variety for 
chipping in the area, and which is a typical late season variety* 
2, Warba, a representative of varieties which require a 
* 
shorter growth season and extensively grown in the Connecticut 
Valley* 
The potato varieties were planted in adjacent rows, spaced 
36 inches apart at 10 inches in the row. Planting date was 
May 16, I960, Harvesting was 115 days later on September 9# 
1960. 
Three nitrogen fertilizer rates were used* One hundred 
feet of row represented a plot of nitrogen application. Plots 
were chosen at random. The basic amount, which was close to 
the usual practice in previous years, consisted of 1500 lb, 
per acre of 8-12-12 at planting time. The three nitrogen rates 
were applied ass 
Low N - 125 lb.-N per acre, consisted of 85 lb, per acre 
as ammonium nitrate and two units of liquid nitrogen. 
Medium N - 150 lb,-N per acre, consisted of 110 lb, per 
acre as ammonium nitrate plus two units of liquid nitrogen. 
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High N - 200 lb.-N per acre, consisted of 160 lb. per 
acre as ammonium nitrate plus two units of liquid nitrogen. 
The fertilizer was applied in bands by hand at the time of 
plenting. 
Other cultural practices and the spray schedule were 
those used on the form. 
A limited experiment with vine killing was conducted at 
Amherst. By rough classification the soil at the trial area 
was a Merrlmac fine sandy loam. However, soil heterogenity in 
the test area, and possibility of some fill in times past, 
might have introduced a strong variation factor. The variety 
used "was Katahdin. The vine killing agent, i.e., sodium ar¬ 
senate, was applied in doses which induced slow death of the 
vine8. This experiment served only as a rough indication of 
the time and method of vine killing for following experiments. 
The vines wore sprayed on September 1, I960, 23 days ahead of 
harvesting. The sodium arsenate applied was of low concentra¬ 
tion, thus inducing slow death. Planting date was May 6, I960, 
with harvesting II4.O days later on September 23» I960. The 
fertilizer rate used was 1500 lb. per acre of 10-10-10-side 
dress with 2? lb.-N on June H4., I960. Rows were spaced thirty- 
six inches apart and spacing with a row was 10 inches. Plants 
were sprayed weekly with Dleldrin when 25-50$ of the plants 
emerged. This was changed to Methoxychlor and later to 
Malathion. Parazote was added to the sprays in mid-June. 
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Growth Measurement and Nitrate Measurement in Soil 
An attempt was made to follow the effective levels of 
available nitrogen in the soil and the responses in growth of 
the potato plant, and the effect on the chemical composition 
of the tuber* The measurements covered a range of 60 days* 
Although an attempt was made to keep a constant time table, 
adjustments had to be made because of weather considerations* 
Measurements of growth rate and nitrate level in soil were 
made at the following time intervals: 
1* June 16, I960 
2* June 26, I960 
3* July 5, I960 
4* July 11, I960 
5* July 18, I960 
6* August 3, I960 
7* August 16, I960 
Growth Measurement of the Vines 
The growth rate was followed by taking measurements of 
the width and height of the plant* Ten readings were taken 
at random from each of the nitrogen treatments, and were 
averaged to provide a mean reading for each of the treatments 
at each time interval* This, however, offered only a rough 
estimate, especially late in the season, since the axillary 
shoots assumed growth instead of the terminal bud when the 
plant bloomed and was also retarded in growth by mechanical 
damage, disease and insects. The response in growth, however, 
was more pronounced in height; hence it was decided to adopt 
the height of the plants as an index for growth* 
Nitrate Measurement in Soil 
Nitrate measurements were made at three depths in the 
soil, at the side of the potato rows, as follows: 
Zero to six inches* 
Six to twelve inches. 
Twelve to eighteen inches. 
Generally speaking, this depth r ^nge could be expected to 
account for the depth of the root system. Ten samples were 
taken with soil sampling tubes from each fertilizer treatment 
and were incorporated into one sample to represent a mean 
value of the corresponding nitrogen treatment. The samples 
were kept in glass jars and treated with 3 Ml* Toluene each, 
to stop any further nitrification by the microorganisms in 
the soil. Nitrates were determined by the method of Harper 
(26) modified as needed for the materials used. The deter¬ 
mination was based on the reaction between nitrate ions and 
phenol di-sulfonic acid, which yielded yellow color, propor¬ 
tional in intensity to the concentration of the nitrate ions, 
in alkaline media. 
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Reagertn for Use in Nitrate Determination 
1. Phenol-di-sulfonic acid 
Twenty-five gr. of pure phenol were dissolved in 150 ml. 
r. 
of concentrated sulfuric acid. Seventy-five ml. of fuming 
sulfuric acid were added. The solution was heated in a flask 
by placing it in boiling water for two hours. The prepared 
reagent was stored in a brown bottle. 
f 
2. Dilute Ammonium Hydroxide 
One volume of the concentrated reagent (Sp. gr. 0*90) 
was diluted with two volumes of distilled water. 
3* Standard Nitrate Solution 
0*7215 gr. of pure dry KJTO^ were di ssolved in water, and 
diluted to 1000 ml. Of this solution 100 ml. were diluted to 
1000 ml. This latter s'olution contained 0.01 mg. N per ml. 
and constituted the standard used to make the colorimetric 
solution. 
4. Standard Colorimetric Solution 
Ten cc. of standard nitrate solution were evaporated to 
dryness in a porcelain dish on a steam bath, and treated with 
3 ml. of phenol-dl-sulfonic acid, 15-25 ml. of cold water, 
and diluted with NH^OH until the yellow color was permanent 
and solution was slightly alkaline. This was diluted to 100 
ml. to ?fLve a solution which contained 1 p.p.m. of N. 
5. Normal Copper-Sulfate Solution 
134.85 gr. of CuSOjj^H^O were dissolved in 1000 ml. of 
water. 
Analytical Procedure 
The soil sample was pulverized and mixed thoroughly by 
passing it through a ten mesh sieve. 50 gr. of soil were 
weighed and placed in a 500 cc. wide mouth bottle. 250 ml. 
of distilled water, containing 5 nil. of 1 normal copper sul¬ 
fate solution were added, and the bottle was shaken for ten 
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minutes. After shaking O.lj. gr. of Ca(0H2) and 1 gr. of MgCO^ 
were added to the soil suspension and shaking continued for 
5 more minutes to precipitate the copper* The soil suspension 
was filtered on a dry filter* The first 20 ral* of filtrate 
were discarded. 10 ral. portions were transferred with a pipet 
to 3 inch evaporating dishes, and the solution aliquots were 
evaporated to dryness on a steam bath* The dishes were cooled 
and then 3 ml. of phenol-disulfonic acid were added from a 
pipet, directly to the center of each evaporating dish. The 
dishes were rotated then in such a way that the reagent came 
in contact with all the residue. The reagent was left to 
react for ten minutes. Then 15 ml. of cold water were added 
and stirred with a short glass rod until the residue was in 
solution. When cool, dilute NH10H was added slowly until 
slightly alkaline. The solution was transferred to a 100 ml. 
volumetric fle.sk and brought to volume and the color compared 
to the standard curve. The standard curve was prepared for 
different concentrations of nitrate, ranging from 0.1 to 10 
p.p.m. The readings for color intensity were takon with a 
Klett-Summerson colorimeter with calibrated cells, using 
filter number iplp* 
Harvesting and Preharvesting Treatment 
Harvesting was done with a mechanical harvester. The 
tubers were placed in canvas bags ana weighed. Until the 
storage treatment began the tubers were held in a barn on the 
University campus. 
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Storage Treatment 
It was decided to store the tubers at 50° and 60° P« This 
is approximately the temperature range within i^iich the 3Ugar 
accumulation exceeds sugar consumption by respiration in cold 
storage. The tubers constituting the storage sample were 
chosen at random. Small tub€?rs were discarded as unfit for 
further treatment or analysis since these would be of little 
importance for the processors. The tubers, from each treat¬ 
ment, were stored in onion bags, to provide for maximum air 
circulation, and contact with the storage room atmosphere. 
The bags were stored on shelves. An electrical thermostat 
maintained constant temperature in storage within 0.5°~1*0° P. 
Storage treatment started on October 22, I960 and ended 63 
days later on December 28, I960. V . 
The potatoes were prepared for chipping and for dehydra¬ 
tion, followed by chemical analysis of the dried tissue, on the 
day the potatoes entered the storage room and immediately after 
storage treatment ended, as follows: 
Samples of 12-13 potato tubers were !tband-peeled’' by 
trimming the skin from a longitudinal band around the tubers. 
ISach potato was cut in half at the peeled points and 6-8 slices 
of l/l8 of an inch thickness were cut from one of the halves. 
The slices were washed with agitation for 1 minute in cold 
water and were patted dry with psper towels. From this batch 
slices were oho sen at random for chemical analysis, which was 
preceded by dehydration, an, for chipping. 
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Chipping Treatment 
A procedure offered by the courtesy of Penstel (22) was 
used for chipping, modified as needed for the materials used. 
Procedure for making chips* 
The oil* used was brought to a volume of approximately 
6800 ml. in a deep fryer. The initial temperature was 390° P. 
Prying was for exactly 2J- minutes, with the heating element 
turned off during frying. At the end of the frying process 
temperature dropped to 320° P., plus or minus lj.0 or 5° F* To 
provide for the temperature to drop within constant range at 
the end of frying, the weight of the fried samples was adjusted 
to the depth of the oil in the deep fryer, within a range of 
180-200 rag. A kitchen whip was used for the first 30 seconds 
of frying, to separate the slices from one another and help 
to prevent their sticking together. After initial violent 
bubbling had subsided the whip was used to keep the chips 
submerged for the remaining 120 seconds of frying. 
C 
Color Determination of Chips. 
Each of the potato chip*s sample was reduced to small 
pieces by breaking a few chips at a time and passing through 
a 3/l6 x 3/16 Inch sieve. The broken chips were placed in a 
flat-bottomed cell of 3-inch diameter and 1-inch depth. The 
* Cotton seed oil, manufactured by Mazola Oil Company. 
cell was tapped rapidly 10 times on a soft surface. The re¬ 
flectance or L value was measured through the large opening 
of a Gardner Color and Color-Difference Meter,* A reflectance 
plate, L«5l«9# a = -3.6, b = +30,7 was used to standardise 
the instrument. Five replicate readings were conducted by 
/ 
mixing the sample after each reading to present a new surface 
for measurement. 
Dehydration of Samples 
For dehydration, approximately 200 gr. of potato slices 
were selected at random. The potato slices were placed on 
shelves in a mechanical convection oven, and dried with forced 
air at temperature of 180° F. for the first 20 minutes, and at 
160° F, for another 20 minutes. The dried tissue was prepared 
for chemical analysis according to the method used by Vickery 
(95)# modified as follows: The dry tissue was ground in a 
Wiley mill to pass 40 mash screen. The ground tissue was 
kept in glass jars. The jars, with loose covers, were placed 
in a closed compartment, which was wrapped with several layers 
of polyethylene film and placed in a refrigerator at 40° F., 
for 28 days. This provided for the ground tissue to maintain 
the same moisture level. The covers were then closed tightly and 
" Gardener Laboratories Inc., Bethesda, Md. 
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were opened only when samples were taken for chemical analysis. 
Two portions# one gram each# were taken from each sample, for 
sugar analysis and total Nitrogen evaluation, 
* * * i 
Method of Extracting Sugars from the Potato Tissue, Weeks (99)* 
One gr, of air dried tissue was placed into the micro-cup 
of a Waring Blender, 4*1 teaspoonful of specially prepared 
animal charcoal was then added, followed by 100 ml, of water 
and the mixture blended for 10 minutes. The extract was 
filtered through a funnel on a Whaterman No, 1 filter paper 
into 250 ml, in a volumetric flask. The sides of the cup were 
washed with small portions of water, and eventually the extract 
was diluted to volume* Precautions were taken to prepare the 
charcoal before it was used, by boiling in a solution of HC1 
end HNO^ for approximately an hour. The mixture was then washed 
with distilled water, until no test for CL or N0^ was obtained. 
Determination of Reducing Sugars In Extract of Dried Tissue 
Although Colorimetric methods for sugar evalimtion may 
not offer maximum accuracy. It was decided to use one because 
of the large number of samples to be analyzed. The basic re¬ 
action involved in the sugar analysis was the reduction of the 
reducing sugar radical by organic salt of the cupric ion to 
cuprous ion, and reaction with coloring reagent. After a 
period of trial in the laboratory, it was found that arseno- 
phospho-tunstate complex, as described by Snell (8l), gave 
the most satisfactory results, as arsenate-blue* 
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Reagents* 
A. Copper Solution. 
1|0.0 gr# of Na2C0 dissolved in 400 ml* of distilled 
water* 7*5 gr. of tartaric acid were added and dissolved. 
2j.*5 gr* of CuS0^.5H20 previously dissolved in smell portion 
of hot water, were added. The solution was mixed and diluted 
to 1000 ml. 
B. Coloring reagent. 
100 gr. of pure sodium tungstate were dissolved in 600 ml. 
of water. £0 gr. of arsenic oxide were added, followed by 25 
ml. of H^POj^ and 20 ml. of concentrated HC1. 
The solution was boiled for 20 minutes, cooled and diluted 
to nearly 1 liter. 50 ml. of lj.0% formaldehyde were then added, 
and the solution was mixed and completed to 1000 ml. 
Analytical procedure. 
Two ml. aliquots of the sugars extract were transferred to 
a 25mm. x 200 ram. test tube, followed by 2 ml. of the copper 
solution. ?2 tubes were used at one time. The tubers were 
placed in boiling water for 10 minutes after which they were 
cooled, in running water for 1.5 minutes, to room temperature. 
Then 2 ml. of the arseno-phospho-tungstic acid were transferred 
to each tube in 15 second intervals, and each shaken vigorously 
to get rid of the C02 which evolved during the reaction. Each 
tube was diluted to 25 ml* again in 15 second intervals, thus 
allowing each sample to react exactly 180 seconds with the 
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coloring agent* The tungstate-blue complex gave a stable color, 
at least for 2 hours after dilution. Reading of color in¬ 
tensities were taken with Klett-Sumraerson Colorimeter with 
calibrated cells, using filter No. 66, and compared to the 
* ♦ ' « * 
standard curve* The standard curve was prepared by using a 
« » 
range of glucose solution from 1 to 65 p.p.m. 
Total nitrogen was determined on 1 gr. samples of dried 
tissue samples, using the Kjeldahl procedure. 
* • 
Specific Gravity. 
Specific gravity measurement was taken prior to storage, 
using Potato Hydrometer for Measuring the Specific gravity of 
Potatoes, as proposed by Talburt (85)# Samples of 8 pounds 
each were chosen in random and placed in a wire basket. Upon 
placing the sample and the apparatus in a container of water 
the correct specific gravity was recorded. 
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IV* RESULTS 
Trials at Worthington I960* 
Analysis of Variance^ (Table l) shows that nitrogen ferti- 
• ’ »' , % ► » 1 • * » t ' ; ' i .f 
llzation and vine killing did not affect significantly the yield, 
content of reducing sugars and color of chips of Kennebec po- 
• — |- .•* i i . • -i % , ^ % * • ♦ • 
tatoea grown at the Worthington area in I960* Nitrogen ferti¬ 
lization, however, did affect significantly the total nitrogen 
content of the tubers* Also killing the vines interfered 
significantly with tbs accumulation of dry matter as expressed 
by the specific gravity of the potatoes* 
Storage temperatures had significant effect on the content 
of reducing sugars and color of chips* The lack of interaction 
between Storage X Fertilizer and Storage X Vine Killing suggests 
that under the conditions prevailing at Worthington in I960, 
nitrogen fertilization and vine killing did not increase the 
susceptibility of the tubers in storage in respect to their 
tendency to accumulate reducing sugars and to produce darker 
chip* It can be seen, from Plate 1, that although the storage 
treatment affected the chip color, the difference, as noticed 
by the eye, is not of a practical Importance* 
The summary of the effects (Table 2) which nitrogen fertili¬ 
zation, vine killing and storage treatment exerted on the potatoes 
* Statistical evaluation of data was done according to Paterson, 
D.D* 1939* Statistical Technique In Agricultural Research* 
McGraw-Hill Book Comp* Inc*, N.Y. 
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shows the following results. 
1« Total Nitrogen Content. 
The response of the tubers, in total nitrogen accumulation, 
generally corresponded to the nitrogen fertilizer rate, with the 
exception of potatoes from the Medium application which were 
lower than potatoes from the Low application in their nitrogen 
content. The tubers from the different nitrogen applications 
showed a significant difference in nitrogen content. Potatoes 
receiving the Medium and Low nitrogen application failed, how¬ 
ever, to show a significant difference in their total nitrogen 
. i i 
content. Killing the vine did not interfere significantly with 
accumulation of nitrogen by the tubers, as was indicated by the 
lack of Interaction between the two treatments. 
2. Specific Gravity. 
The specific gravity of the vine killed potatoes was signi¬ 
ficantly lower compared to those which were untreated. Killing 
the vines, which obviously interfered with the increase in dry 
matter of the potatoes, as was manifested in the specific gravity 
of the potatoes, did not affect significantly the yield. 
3. Reducing Sugars Content in Tubers and Color Intensity of Chips. 
Tubers subjected to storage temperature of 50° P. were signi¬ 
ficantly higher in reducing sugars and produced darker chip color, 
as compared with the untreated tubers. Potatoes stored at 60° F#, 
for the same length of time, were lower in their content of re¬ 
ducing sugars and yielded significantly lighter chips than both 
the untreated and tubers which were stored at 50° P. 
The affinity between the reducing sugars’ content and the 
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FIGURE 2 ■ 
' j 
Height of Response of Kennebec Potato Plants Grown at Worthington 
in I960, to Different Nitrogen Fertilizer Rates. 
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color intensity of the chips was confirmed by a correlation 
test which yielded a coefficient of -0,689 and which was found to 
be significant at the 1 per cent level. 
The measurement of nitrate nitrogen in the soil (Figure 1) 
indicates an obvious difference, at the end of the season, be¬ 
tween the Standard and Low applications and the Medium and High 
applications of nitrogen. This difference was not expressed in 
the corresponding growth curves (Figure 2) of the potato plants. 
Tables 1 and 2 and Figures 1 and 2 were derived from the 
corresponding data in the following tables: 3, 4, 5* 6, 7# 8# 
9 and 10. 
PLATE 1 
The Effect of Nitrogen Fertilization and Storage Temperatures on 
Chip Color of Kennebec Potatoes Crown at Worthington in I960. 
Left to Right: Potatoes stored at 60°, 50° F. and Untreated Tubers. 
Top to Bottom: High and Low Nitrogen Application. 
70- 
TABLE 3 
Yield of Vine Killed Kennebec Potatoes, Grown at Worthington in 
I960, as Influenced by Nitrogen Fertilization, 
Nitrogen Fertilizer Rate* Row Number Treatment 
Vine Killed Untreated 
cwt./acre 
Standard 1 129.93 112.24 
\ ■ i * 2 133.77 116.09 
Low 1 136.85 125.31 
2 141.4.6 110.71 
Medium 1 118.39 127.62 
2 133.00 123.00 
High 1 I32.23 136.65 
2 123.78 141.46 
^ The nitrogen fertilizer rates designated as Standard, Low, 
Medium and High, for data obtained at Worthington, correspond 
to 75 lb,, 100 lb,, 125 lb, and 150 lb, per acre, respectively. 
TABLE 4 
Specific Gravity of Kennebec Potatoes, Grown at Worthington in I960 
as Influenced by Nitrogen Fertilization and Vine Killing. 
Nitrogen Fertilizer Rate Row Number Treatment 
Vine Killed Untreated 
Standard 
Low 
Medium 
Specific Gravity 
1 1.0760 1.0750 
2 1.0755 1.0775 
1 1.0730 1.0775 
2 1.0730 1.0770 
1 1.071+0 1.0755 
2 1.071+0 1.0755 
1 
4 
1.0760 1.0795 
2 1.071+5 1.0765 
High 
-72- 
table 5 
Total Nitrogen Content in Dry Tissue of Kennebec Potatoes, 
/ ■ r 1 •' . ,t i ’ , t 
Grown at Worthington in I960, as Influenced by 
• • • i ' ' >* 
Nitrogen Fertilization and Vine Killing. 
Nitrogen Fertilizer Rate 
* 1 jfj 
Row Number 
Vine 
——■■■■■ ■■■■ —« 
Treatment 
Killed Untreated 
Total-N mg/g. dry wt. 
Standard 1 1.5 1.5 
2 1.5 1.5 
Low 1 1.5 1.6 
2 1.7 1.6 
Medium 1 1.5 1.6 
* 
2 1.7 1.5 
High 1 1.7 1.6 
2 1.7 
00
 
.
 
H
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TABLE 6 
Content of Reducing Sugars in Kennebec Potatoes, Grown at 
Worthington in I960, as Influenced by Nitrogen 
Fertilization, Vine Killing and Storage Temperatures* 
Nitrogen 
Fertilizer 
Rate 
Treatmen t 
of Vines 
Storage Temperatures 
Untreated 50° p. 60° F* 
Row 1 Row 2 Row 1 Row 2 Row 1 Row 2 
Reducing Sugar s-rng/g. dry wt . 
Standard Untreated llj.. 2 13.6 18.9 20.8 11.7 io.5 
Killed 11*2 12.5 17.4 22*2 8.7 8.7 
Low Untreated 21.5 15.1; 20.2 17.4 8.2 7.1 
Killed 13.6 9.2 23.5 13.8 8.2 9.8 
Medium Untreated 12*7 12.1 23.4 12.9 9.0 9.6 
Killed 16*4 16.4 25.2 13.6 9.0 9.6 
High Untreated 21.0 17.3 9.4 28.2 10.8 9.8 
Killed 17.0 10.1 23.4 25.6 10.0 10.5 
Values are an average of three determinations of each sample* 
TABLE 7 
Color Intensity of Chips made from Kennebec Potatoes, Grown at 
Worthington in I960, as Influenced by Nitrogen Fertilization, 
V * 1 • /' ' 1 / ’ 1 < . 
Vine Killing and Storage Temperatures* 
Nitrogen Treatment Storage Temperatures 
Fertilizer of Vines _ 
Hate Untreated 50° F. 60° F* 
Row 1 Row 2 Row 1 Row 2 Row 1 Row 2 
L-Gardner* 
Standard Untreated 51.3 51.2 52.il- 50.8 5^.3 54.8 
Killed 52.2 50.6 51.6 51.8 54*2 55.5 
Low Untreated 51.5 5i.o 51,6 50.4 54*9 57.2 
Killed 50.5 51.3 51.7 50.9 56.3 57.5 
Medium Untreated 52.5 52.5 50.7 52.9 54.7 56.8 
Killed 51.8 52.3 49.5 49.9 55.6 54.5 
High Untreated 52.5 50.5 51.7 48.3 54.o 57.4 
Killed 51.1 5o.i 52.4 49.7 55.5 55.8 
Values are an average of five readings of each sample. 
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TABLE 8 
Nitrate Nitrogen in Soil at Different Depths, at Intervals* 
for Different Nitrogen Fertilizer Rates, at Worthington in I960. 
Nitrogen Soil Measurement Date 
Fertilizer Layer - 
Rate (inch^ June 16 June 26 July 5 July 11 July 18 Aug,3 Aug.16 
Nitrate Nitrogen-rag./lOOg. dry soil'* 
Standard 
sO
 
1
 
o
 u.4 10.1 11.6 11.0 8.6 6.0 2.5 
6—12 3.9 7.1 5.5 5.3 4.3 3.9 1.7 
12-18 1.1 5.1 2.4 1.8 1.7 1.9 1.6 
Low o
 1 o
 
11.0 12.8 9.1 14.4 10.1 4.8 3.1 
6-12 5.1 7.6 6.5 6.0 4-1 4.1 2.2 
12—13 1.8 4.7 4*5 3.2 2.4 2.5 2.2 
Medium o
 i O
' 
9.5 16.2 9.7 11.0 12.7 12.3 5.8 
6-12 6.5 11.8 4.7 6.1 7.0 7.3 4.1 
12-13 1.7 5.7 4-3. 2.8 1.9 3.8 2.2 
High o
 1 O
' ■9.0 13.3 13.9 11.6 13.3 14.1 5.8 
6-12 5.5 8.6 7.3 4.9 6.5 9.8 3.2 
12-18 1.3 2.9 2.4 2.7 1.6 2.9 1.6 
Values are an average of two rows. 
1 
TABLE 9 
Height of Kennebec Plants Grown at Worthington in I960, at Intervals, 
as Influenced by Nitrogen Fertilization. 
Nitrogen 
Fertilizer 
Hate 
How 
Number 
Measurement Date 
June 16 June 26 July 5 July 11 July 18 Aug.3 Aug. 16 
Plant Height - inches 
i 
Standard 1 7.3 10.4 14.7 18.5 19.6 21.1 22.3 
2 7.0 11.6 16.4 19.1 20.5 21.0 22.0 
Low 1 7.U- 10.3 15.6 19.5 20.0 21.3 22.8 
2 6.8 10.4 15.8 19.0 21.1 22.2 24.4 
Medium 1 6.1 8.9 13.4 17.0 19.8 a.2 23.1 
’ \ 2 6.6 11.0 14.3 17.5 20.3 22.9 24.2 
High 1 7.1 10.1 15.2 18.9 20.3 21.4 22.8 
2 7 .It- 10.9 15.6 18.0 21.1 22.6 23.4 
-77- 
table 10 
Soil pH at Different Depths, as Influenced by Nitrogen 
Fertilization, at Worthington in I960* 
Row 
Number 
Soil 
Layer 
(inches) 
Nitrogen Fertilizer Rate 
Control Low Medium High 
*. Soil pH 
1 o
 i cr
 
4.89 5.oo if* 55 4.66 
6-12 4.70 4.67 4.70 4.61 
2 o
 1 o
 4.8o 4.70 4.70 4* 60 
6-12 4.80 
t 
4.85 4.60 • 
% 
4.64 
Trials at Sunderland I960* 
Analysis of Variance (Table 11) showed that varieties, nitrogen 
* * 4 * « 
fertilization and storage temperature had a significant effect on 
1 • 9 * i i 
the content of reducing sugars and color of chips of potatoes grown 
at Sunderland in I960* The specific gravity and total nitrogen 
content were not affected significantly by these treatments* 
Nitrogen fertilization did not affect the yield significantly where¬ 
as varieties showed a significant difference in yield. The inter¬ 
action of Nitrogen Fertilization X Varieties, Nitrogen Fertilization 
X Storage and Varieties X Storage, In respect to the sugar content 
of the potato tubers, suggests that* 
1. The Inherltal tendency of a variety to accumulate reducing 
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sugars will increase with an increase in nitrogen application and 
under detrimental storage temperatures. 
2. Increase in nitrogen application will increase the 
susceptibility of the tubers to storage tenperatures. 
The summary of the effects (Table 12) which varieties* nitro¬ 
gen fertilization and storage tenperatures exerted on the potatoes 
* * ■ ’ * *■ * 
shows the following results: 
1. The Katahdin out-yielded significantly the Warba potato. 
2. Content of Reducing Sugars. 
The reducing sugars* content of the potatoes increased signifi¬ 
cantly as the nitrogen fertilizer rate Increased. Also the Warba, 
at all levels of nitrogen application, produced significantly 
higher sugar content than did the Katahdin potatoes. 
The potatoes performed in storage similarly to potatoes grown 
at Worthington. Potatoes stored at 50° F. increased significantly 
In sugar content, as compared to the untreated and tubers stored 
at 60° F. The latter actually decreased in their sugar content, 
compared to the untreated, but not significantly. 
3. Color of Chips. 
The potatoes showed similar response, to the treatments 
mentioned above, in their sugar content and chip color. The 
potatoes chipped darker with the Increase In nitrogen fertilizer 
rate, although the difference in color intensity of chips, was 
significant only between potatoes from High and both the Medium 
and Low applications. Also Warba chipped significantly darker 
than the Katahdin potatoes (Place 2). Similarly potatoes stored 
81 
at 60° F. yielded significantly lighter chips than the untreated 
and those stored at 50° F. The latter produced significantly 
darker chips as compared to the untreated potatoes* The visible 
difference (Plate 3) is not of a practical importance, however. 
The affinity between the content of reducing sugars and 
intensity of chip color was confirmed in a correlation test which 
yielded a coefficient of ~0*6l|.2 which was found significant at 
probability of one percent* 
The growth curve of the Katahdin (Figure 4) and the Warba 
potatoes (Figure 6), shows that although the rate of growth of 
plants from the High was higher than those of the Medium nitrogen 
application, plants receiving the Low nitrogen application ex¬ 
ceeded both in growth* The effect is rather prominent in the 
Warba plants. A comparison between the growth curve of the 
• . i 
Katahdin and Warba potatoes and the level of nitrate nitrogen 
in the soil (Figure 3 and Figure 5, respectively) reveals an in¬ 
verse relationship* This seems to suggest that the level of 
nitrate correlates to the amount provided by the fertilizer and 
probably by the organic matter in the soil, and on the other 
hand to the degree of utilization by the plants and probably 
leaching by rain. 
Tables 11 and 12 and Figures 3# 4# 5 an<* 6 were derived from 
the corresponding data represented in Tables 13# 14# 15># 16# 17# 
10, 19, 20 and 21. 
i 
FIGURE 3 
Variation in Soil Kitrate Nitrogen During the Growing Season 
of Katahdin Potatoes at Sunderland in I960, 
for Different Nitrogen Fertilizer Rates. 
40 
38 
36 
34 
32 
30 
23 
26 
24 
22 
20 
18 
16 
14 
12 
-83- 
25 30 5 
June 
10 15 20 25 30 
July 
L. -I, 
9 14 
August 
FIGURE 4 
Lght Response of Katahdin Potato Plants Grown at Sunderland 
in I960, to Different nitrogen Fertilizer Rates. 
Nitrogen Fertilizer Hate 
FIGURE 5 
Variation in Soil Nitrate Nitrogen During the Growing Season 
of Warba Potatoes at Sunderland In I960, 
for Different Nitrogen Fertilizer Rates* 
85- 
■ rimmt. 6 
Height Response of Karbe i otatoee Grovm et funderlond 
in I960, to Different Nitrogen Fertiliser He.toe. 
-86- 
PLATE 2 
Effect of Nitrogen Fertilization on Chip Color of Katahdin 
and Warba Potatoes Crown at Sunderland in I960, 
Left to Right: High, Medium and Low Nitrogen Application, 
Top to Bottom: Katahdin and Warba Potatoes, 
PLATE 3 
Effect of Nitrogen Fertilization and Storage Temperatures on 
Katahdin Potatoes Crown at Sunderland in I960, 
Left to Right: High, Medium and Low Nitrogen Applications, 
Top to Bottom: Potatoes stored at 60°, £0° F, and Untreated Tubers, 
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table 13 
Yield of Katahdin ard Warba Potatoes Grown at Sunderland in 
• . ' ■ ‘ • ■" \ , 1 * J 
I960, as Influenced by Nitrogen Fertilization* 
Nitrogen Fertilizer Rate* Varieties 
Katahdin Warba 
YIeld-cwt./aere 
Low 329 212 
Medium 395 222 
High 332 245 
TABLE 34 
Specific Gravity of Katahdin and Werba Potatoes, Grown at 
Sunderland in I960, as Influenced by Nitrogen Fertilization. 
Nitrogen Fertilizer Variety Specific Gravity 
Rate 
Low Katahdin 1.0655 
Warba 1.0635 
Medium Katahdin 
. » 
1.0620 
Warba 1.0635 
High Katahdin 1.0610 
■ ,f. > Warba 1.0640 
The nitrogen fertilizer rates designated as Low, Medium and 
High, for data obtained at Sunderland, correspond to 125 lb., 
150 lb. and 200 lb. per acre, respectively. 
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TABLE 15 
Total Nitrogen Content in Katahdin and Warba Potatoes, Grown 
at Sunderland in I960, as Influenced by Nitrogen Fertilization. 
Nitrogen Fertilizer Rate Varieties 
Katahdin Warba 
Total N-mg/g. Dry Wt. 
Low 1.8 1.9 
Medium 1.8 2.0 
High 2.1 1.9 
TABLE 16 
Soil pH at Different Depths, as Influenced by Nitrogen 
Fertilization, at Sunderland, in I960. 
Variety Soil Layer Nitrogen Fertilizer Rate 
(Inches) ____ ____ 
Low Medium High 
Soil pH 
Katahdin 0--6 5.50 549 , 5.21 
6-12 5.23 5.40 5.02 
Warba 0- 6 5.36 5.05 4.93 
6-12 5.42 5.10 4-94 
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TABLE 17 
Content of Reducing Sugars in Katahdin and Warba Potatoes, 
Grown at Sunderland in I960, as Influenced by Nitrogen 
Fertilization and Storage Temperatures* 
Nitrogen 
Fertilizer 
Hate 
Variety Storage 
Untreated 
Temperatures 
50°F. 60°F. 
Reducing Sugars-rag/g dry wt 
Low Xatahdin 18.0 35.4 16.2 
Warba 30.6 54.5 41.0 
Medium Katahdin 34*0 40.1 19.2 
. • 
Warba 36.8 68.1* 59.5 
High Katahdin 32.5 42.2 29.0 
. 
Warba 68.8 82.0 48*6 
Values are an average of three determinations of each 
sample* 
TABLE 13 
Color Intensity of Chips, made from Katahdin and Warba 
Potatoes, Grrcwn at Sunderland in I960, as Influenced 
by Nitrogen Fertilization and Storage Temperatures. 
Nitrogen 
Fertilizer 
Rate 
Varie ty Storage Temperatures 
Untreated 50 p. 60 P. 
L-Gardner** 
Low Katahdin 40,2 46.7 47.9 
Warba 35.14- 38.4 ; 41.8 
Medium Katahdin 43.1 43.0 47.1 
Warba 34.1 36.7 38.3 
High Katahdin 38.8 38.5 43.3 
Warba 33.3 35.8 37.5 
Values are an average of five readings of each sample. 
TABLE 19 
Height of Katahdin and Warba Potato Plants, Grown at Sunderland 
in I960, at Intervals, as Influenced by Nitrogen Fertilisation, 
Nitrogen Variety Measurement Date 
F rtiliz r------ 
Rate June 21 June 2? July 5 July 11 July 18 Aug.3 Aug. 16 
Plant Height - inch es"* 
Low Katahdin 12.8 16.3 20.6 25.lt- 29.6 34.2 40.6 
Warba 13# 9 16.6 22.0 23.9 27.2 
Medium Katahdin 11.8 15.3 19.4 23.1 28.8 38.0 38.2 
Warba 12.lt- lit-. 7 18.5 19.1 21.3 — 
High Katahdin 12.1 16.1 20.8 25.3 30.5 39.6 40.1 
Warba 12.6 16.3 19.0 22.5 2lt-.0 —— 
# 
Values are an average of ten readings. 
TABLE 20 
Kitrate nitrogen, nt Different Depths of Soil, for Katahdin 
Potatoes, urovaa at Sunderland in I960, at Intervals. 
Nitrogen Soil 
T?oT»+--t 1 1 T.n 
Measurement Date 
Hate (inehj June 21 June 27 July 5 July 11 July 18 Aug.3 Aug.16 
Low 0- 6 16.3 
Nitrate 
10.7 
Nitrogen-mg,/l00g. di-y 
3.7 3.5 1.7 
soil* 
0.9 1.4 
6-12 4.3 5.7 1.9 3.3 1.4 0.8 1.1 
12-16 2.9 2.0 1.2 0.9 0.6 0.6 1.0 
Medium O
 
i O
' 
16.4 3.9 4.1 7.2 1.7 1.3 1.3 
6-12 5.0 5.4 3.6 5.7 1.0 1.6 1.2 
12-16 1.7 2.1 1.3 1.5 0.9 1.1 1.0 
High o
 1 o
 
14.5 19.9 13.9 8.1 10.1 5.6 2.1 
6-12 9.1 10.2 7.2 5.5 5.9 5.3 2.7 
12-18 2.1 2.3 0.9 1.9 1.3 1.2 1.8 
« Values are an average of ten soil samples. 
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TABLE 21 
Nitrate Nitrogen, at Different Depths of Soil, for Wsrbe Potatoes, 
Or own at Sunderland in I960, at Intervals. 
Nitrogen Soil 
Fertilizer Layer 
Hate (inehu) 
Measurement Date 
June 21 June 27 July 5 July 11 July 18 Aug.3 Aug,16 
Nitrate i Nitrogen- • • \
 
M
 
O
 
O
 
1 
g, dry soil* 
Low 0- 6 10.2 6.9 7.5 6.8 3.9 2.1 14 
6-12 54 34 3.3 42 3.2 3.6 2.2 
12-18 1.8 2.2 7.6 1.8 1.9 2.0 
< 
2.3 
Medium 0- 6 17.2 17.6 9.7 16.2 12.5 4.7 6.2 
6-12 54 7.0 2.1}. 8.6 84 11.7 8.1 
12-18 2.2 24 1.3 24 1.7 4 8 3.0 
0- 6 9.8 17.8 11.0 10.7 11,1 
» 
124 94 
6-12 5.0 7.6 74 U.5 5-9 
A 
5.7 42 
12-18 1.7 2.3 1.6 2.2 1.2 2.9 2.8 
Values are an average of ten soil samples. 
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Trials In Amherst I960, 
Analysis of Variance (Table 22) shows that vine killing and 
storage treatment had a significant effect on the sugar content and 
chip color of Katahdin potatoes grown at Amherst in I960. 
Table 23 shows that vine killed potatoes increased significantly 
in their sugar content and color intensity of chips. 
The potatoes performed in stcrage similarly to the Worthington 
and Sunderland grown potatoes. Sugar content and darkness of chip 
were significantly higher in potatoes stored at 5Q°F., ©s compared to 
the untreated potatoes. Tubers stored at 60°F. were significantly 
lower in sugar content and yielded lighter color of chips, then both 
the untreated and potatoes stored at 50°F. 
Tables 22 and 23 were derived from data obtained in Tables 24 and 
25. 
TABLE 22 
Analysis of Variance for Reducing Sugars and Color of Chips of 
Katahdin Potatoes Grown at Amherst in I960. 
Source of Variance Degrees of 
Freedom 
Variance Ratio 
Sugar Content Color Intensity 
Vine Killing 1 2585.91** 109.44** 
Storage 2 5424.14** 265.57** 
Vine Killing 
X Storage 
2 784.82** 7.30 
*w* 
Significance at probability of 1 percent. 
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TABLE 23 
Effect of Vine Killing and Storage Temperatures on Content of 
Reducing Sugars and Color Intensity of Chips of Katahdin 
Potatoes Grown at Amherst in I960, 
Reduc ing Sugars 
(mg,/g dry wt.) 
Color Intensity 
(L-Gardner) 
Treatment of Vines Mean Values 
Untreated 94.0 43.6 
Killed 165.2 39.8 
L.S.D. P=0.05 10.7 0.4 
Storage Teliteratures Mean Values 
Untreated 97.2 42.3 
50°F. 231.5 36.3 
60°F. 60.0 14-6.5 
L.S.D. P=0.05 13.1 0.4 
TABLE 24 
Content of Reducing Sugars in Katahdin Potatoes$ Grown At Amherst 
in I960, as Influenced by Vine Killing and Storage Temperatures, 
Treatment 
of Vine 
Storage Temperatures 
Untreated 50°F. 60°F. 
Reducing Sugars-rag/g dry wt,* 
Untreated 22.6 52.3 18.8 
Killed 41.7 101.2 21.7 
Values are an average of three determinations of each sample. 
TABLE 25 1 
Color Intensity of Chips, Hade from Katahdin Potatoes urown at 
Amherst in I960, as Influenced by Vine Killing 
and Storage Temperatures, 
t • i 
Treatment of Vine 
Untreated 
Killed 
Storage Temperatures 
Untreated £0oF. 60°F. 
L«"Oardner'“ 
43*9 39.2 47.8 
40.8 33.4 45*3 
* 
Values are an average of five readings of each sample. 
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V. DISCUSSION 
Nitrogen fertilization and vine killing treatments in the 
Worthington area, as manifested in the color of the potato 
chips, were probably markedly influenced by the cool and wet 
growth conditions which prevailed in this locality in the 
summer of I960. Similar results under the same general con¬ 
ditions were known to have prevailed in previous years. 
Potatoes receiving high rates of nitrogen fertilizer were 
found to be significantly higher in total nitrogen content. 
Generally, the total nitrogen content of the tubers cor¬ 
responded to the nitrogen fertilizer rates except for the 
Medium applications. The significantly high nitrogen content 
of the tubers suggests, according to Hope (34), Habib (29) and 
others (28), (65) that the concentration of the amino compound 
is likely to correspond to the rate of the nitrogen application. 
Contrary to the opinion of Hope (34) and others (29), (28), 
however, the nitrogen content, and particularly the amount of 
amino compounds did not seem to affect the intensity of the 
chip color* This is in agreement with Schwimmer (63) who feels 
that only in very few instances the amino acids are present in 
r8te-limiting concentration thus representing a limiting factor 
for the development of the browning reaction, when tubers are 
made into chips. In spite of a proportional accumulation of 
nitrogen in the tuber, in response to increasing rates of nitro¬ 
gen, no significant difference in yield was found between 
applications. This result, coupled with the finding that 
different nitrogen rates failed to induce variation in the 
maturity of the tubers, as expressed in color of the chips, 
is in agreement with results obtained by several investigators, 
under similar growth conditions. Sawyer ($8) and others (56), (19) 
showed that under cool and wet growth conditions available ni¬ 
trogen in the soil is not likely to promote excessive and pro¬ 
longed growth of vines or delay maturity of tubers at the date 
of harvesting. This conclusion is further substantiated by 
the fact that vine killing did not affect the maturity of the 
tubers, evidently, relatively unfavorable growth conditions 
induced the maturation process regardless of the level of 
nitrogen in the soil. 
The dry matter content of the tubers as expressed in 
the specific gravity provides support to the view that soil 
nitrogen failed to affect the plants. According to Smith (70) 
and others (79) differences in fertility of the soil will re¬ 
sult in lowered specific gravity due to the extensive growth 
of vines and delayed maturity which will prevent the trans¬ 
location of nutrients to the tubers. When nitrogen fertilizer 
is applied properly, however, so that toward the end of the 
t 
season the plant will be induced into maturity, different 
nitrogen rates will promote higher productivity which will in¬ 
tend to increase the specific gravity of the tubers. Neither 
of these effects was manifested in the crop as indicated by 
specific gravity measurements for tubers grown at different 
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nitrogen rates. Analysis of variance indicates that the values 
which correspond to lfnitrogen fertilizer’1 or ’’fertilizer x vine 
killing”# are extremely weak in support of the nitrogen ferti¬ 
lizer rates as the limiting factor during growth. 
The vine killing treatment, however, indicates a more 
obvious trend in the values of the specific gravity of the 
potato tubers. The plants which were not killed produced 
tubers significantly higher in specific gravity in comparison 
• i j * • , 
to tubers from killed plants. Nitrogen fertilizer rates did 
» * 
not show interaction with vine killing and failed to introduce 
a variable in the specific gravity content. This finding is 
in agreement with Terraan (88) who found that the specific 
gravity of tubers grown during a cool rainy season increased 
as long as they remained alive, in contrast to tubers which 
achieved a peak in mid-August during a hot season. The response 
of the potato tuber in regard to yield, specific gravity and 
maturity leads to the conclusion that the limiting factors in 
this particular locality were air and soil temperatures which 
prevented other factors from manifesting themselves to the 
potential degree of their availability. This opinion has been 
amply expressed in the literature (56). 
The reducing sugars content in the dried tissue of the 
potato tuber is in agreement with the above conclusions. 
Neither fertilizer or the vine killing treatments affected 
the sugar content. Very slight but non-significant differences 
were found in the sugar content of the tubers for the cor¬ 
responding treatments. It was Indicated previously that the 
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color Intensity of the tubers when fried into chips, correlates 
to the multiple effect of primarily their reducing sugars and 
the amino acids concentration# The color analyses showed that 
vine killing and nitrogen rates failed to induce an effect 
through their influence on the sugar content of the tubers* 
The nitrogen level also was evidently in non-rate-limiting 
concentrations for the development of the browning reaction in 
the chips# It follows, therefore, that the chemical composi¬ 
tion of the tubers in respect to their effective concentration 
of the browning agents, and maturity, was not affected either 
by the nitrogen level or the vine killing treatments, under 
the conditions which prevailed in Worthington# In the light 
of these findings the justification for using nitrogen ferti¬ 
lizer rates above 75# N/acre in seasons comparable to I960 is 
questioned, since no increase in yield was shown by increasing 
the rates of nitrogen fertilizer above the Standard level, 
which was also the practice in previous years# 
The practice of vine killing, previous to harvest may 
have a certain significance. Although no effect on color was 
manifested by this treatment, as a mean of inducing maturity 
of the plant, it is a convenience in the process of harvesting, 
eliminating the bulk of green fleshy tops which, interfere 
with the harvesting operation, particularly when mechanical 
harvesters are used* The objection to this practice, however, 
is that specific gravity of the tubers declines, a matter of 
prime importance to the processor, since the yield and rate 
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of fat absorption are greatly affected by the specific gravity 
in the processing of the tubers into chips, (85). 
The results obtained in this study and the conclusion to 
be drawn from them, are limited since the experiment was car¬ 
ried on for only one year* As Salunkhe (56) and others showed, 
the results may differ In a given locality with the change In 
the weather conditions during the growing season* These in¬ 
vestigators indicate, however, that although variations can be 
expected from season to season the locality factor is bound to 
be most prominent. 
A rather ambiguous criteria for the effect of some of the 
environmental conditions is represented in the Kennebec potato. 
Findlen (23) and Akeley (1) point out that the responsiveness 
of this variety to environmental conditions in connection with 
the color quality of the chips. Is rather low. The advantage 
of being less sensitive to perilous effects, which is an ad¬ 
vantage from the point of view of the processor, makes it at 
the same time, however, a questionable yardstick for the de¬ 
termination of environmental influence on the tuber, in regard 
to more sensitive varieties such as Katahdin. 
The effect of nitrogen fertilization rates on the color 
of the chips produced from tubers grown in Sunderland, In con¬ 
trast to those from Worthington, was more obvious. 
Contrary to the response of the potatoes in Worthington, 
no significant difference was found between the total nitrogen 
content of the tubers from the different nitrogen fertilizer 
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rates, although the nitrogen content of the potatoes tended to 
increase with the rise in rate of the nitrogen fertilizer. 
The nitrogen content correlated rather poorly to the color of 
chips. This is in agreement with Schwimmer (63) who believes 
that at substantial levels of nitrogen content in the tuber 
the amino-compounds do not restrict the development of the 
browning reaction. This is also in agreement with Hope (3I4.) 
who showed that the effect of nitrogen fertilizer on the chemical 
composition is independent of its effect on maturity, as ex¬ 
pressed by the rate of growth, and the color of the chips. 
The color of the chips and the yields, at the three levels 
of the nitrogen fertilizer, provide support for the opinions 
of several investigators (34-)« 04-3)# (72), (85) that under 
favorable growth conditions excessive nitrogen may affect both 
color and yield. The growing season during the summer of I960 
both at Amherst end Sunderland was wet and hot toward the end 
of the season, while in the early part relatively cool tempera¬ 
tures prevailed* This evidently helped, as was pointed out by 
Werner (100), to restrict the full development of the top at 
the beginning, but on the other hand promoted extensive growth 
of tops at the end, when the translocation of the assimilates 
from the leaves to the tubers was more desirable. 
Murphy (14-3) and others (58) pointed out that the Katahdin 
potato is sensitive to changes, in those conditions, affecting 
the build up of browning agents in the tuber. The effect of 
environmental conditions, although expressed best by yield and 
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color of chips is also supported by the availability of soil 
nitrogen and growth response. The color of chips became darker 
with increase in nitrogen fertilizer rates, but approached a 
degree of undesirability only at the "High” level of nitrogen 
fertilizer, which corresponds to 200 lb. N per acre. Increas¬ 
ing nitrogen from 125 lb. to 150 lb. per acre brought the yield 
up from 329 to 395* but upon increasing nitrogen to 200 lb. the 
yield dropped to 332* slightly above the "Low" level of nitrogen 
application. 
Judging on the basis of the available nitrate in the soil 
there seems to exist a significant difference in soil nitrate 
nitrogen between the fertilizer treatments, indicating that 
generally the availability of nitrate corresponded to the 
nitrogen application rates. Greater nitrogen intake, with in¬ 
creased fertilizer rates, is also shown by the drop in pH of 
the soil as nitrogen rates become higher, probably due to the 
acidifying effect of nitrification. Furthermore, although 
the method adopted for growth measurement offers only a rough 
criteria, it was found that plants responded more vigorously 
with the increase of nitrogen fertilizer rates, especially at 
the end of the season. The growth rate, corresponded roughly 
to the nitrogen fertilizer rates. 
In the light of this it would be safe to assume thet with 
favorable temperatures, particularly at the end of the season, 
and substantial availability of nitrogen and water in the soil 
plants would respond with excessive vine growth, and delayed 
maturity, which would result in poorer chipping quality. This 
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effect increases with increased nitrogen rates. In this crop 
not only was maturity delayed, but at a higher level of nitrogen 
productivity of the plant decreased. It was shown that at the 
highest level of nitrogen fertilizer the excessive growth of 
the vines restricted the flow of assimilates to the tubers, 
with an actual drop in yield, as compared to a lower level of 
nitrogen rates, resulting, as Werner (100) expresses it, in 
higher ratio of top to tubers. Sawyer (58) in Long Island 
found that with a continuous supply of nitrogen throughout the 
season the yields practically drop, because the vines were 
forced to grow thus attracting the assimilates and preventing 
them from being translocated to the tuber. The drop found in 
the specific gravity as a response to increase in nitrogen 
fertilizer rate, seems to support this view, which is in agree¬ 
ment with Smith and Nash (75)* (7&)* (77)* (78) and others (4)* 
(79). 
The behavior of Wr.rba under the same conditions indicates 
slightly different results. Generally, the color intensity of 
the chips was higher than in Katahdin. This variety is classi¬ 
fied by Talburt (85) in a group of varieties which inherently 
accumulate high levels of chemical constituents which cause 
browning. 
Whereas Katahdin continued to grow, although to a limited 
extent, until the date of harvesting, Warba ceased growth ap¬ 
proximately six weeks prior to harvesting dste, and therefor 
was affected primarily by growth conditions in the earlier 
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part of the season. ixaminstion of the total nitrogen content 
of the tubers indicates that there is no consistent response 
to the level of fertilizer in the soil. The suggestion of 
several workers (28), (29)# (34) that the increase in the in¬ 
tensity of the color of the chips correlates to the nitrogen 
content does not stand to reason in this case, as it was found 
that the chips did not necessarily become darker with the in¬ 
crease in nitrogen content. 
The yield response to nitrogen fertilizer rates of 125# 
150, and 200 lb. nitrogen to the acre was 212, 222 and 2^5 lbs. 
respectively. Although the yield response, cf the Warba potato, 
corresponded to the nitrogen rates, the maturity as expressed 
in the chips color, was inversely related to the nitrogen 
fertilizer rates. Pindlen (23) achieved similar results with 
Irish Cobbler which is also an early variety. He found that 
whereas Kennebec was not affected by nitrogen rates, the Irish 
Cobbler potato produced poor color upon an increase in the 
nitrogen application. Although the plant was forced into ex¬ 
cessive growth, the advantage of large leaves area could not 
be used by the plant for food msnufacturing later in the 
season, because of the inherital short growing season. This, 
probably, resulted in immaturity, especially at higher levels 
of nitrogen, and in darker chip color. 
As was mentioned earlier, the sensitivity of the Katahdin 
variety to environmental conditions which cause adverse effects 
in tubers grown for chipping, is rather high. This may change 
106 
however, with weather conditions during the season, and in a 
cool season the plants may show no benefit in yields from 
higher applications of nitrogen fertilizer* It seems advisable, 
therefor, to use moderate rates of nitrogen in this area, 
approximately 120 lb. N per acre. 
The evaluation of the effect of nitrogen on the growth 
response Introduced several difficulties. As mentioned earlier, 
measurement of the growth rate was distinctive only in the 
height. Thompson (90) points out that the up-right and erect 
stems continued to grow until flowering. The flowering pro¬ 
cess, however, eliminates the apical dominance, thus giving 
rise to several axillary buds which eventually comprise two- 
thirds of the top. This slows growth in height, thus decreasing 
the accuracy of height measurement, as a criterion for growth 
conditions. At Worthington, growth rate did not seem to be in 
good agreement with available nitrogen in the soil. The plants 
from all the nitrogen fertilizer levels follow a similar trend 
In growth, and although they form the usual sigmoidal growth 
curve, it was hard to tell the degree of maturity, at the 
latter part of the season. 
In Sunderland, Katahdin and Warba potatoes showed a dif¬ 
ferent behavior. Whereas growth performance of Katahdin cor¬ 
responded to the available nitrogen level in the soil, this 
> r ! 
was not true for Warba, which at the low level of nitrogen 
application exceeded In growth plants at higher nitrogen 
applications. The rate of growth was not reflected in the 
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chip color, which expresses to a certain extent the maturity 
of the potato plant* 
In the light of these results and on account of the 
limitations of the method as a mean of evaluation of the in¬ 
fluence of nitrogen fertilization on the color of chips, the 
question is raised if this method is of an advantage for pre¬ 
dicting the effect of nitrogen on chip color. It was suggested 
by Hope (34) others that the effect of nitrogen rates 
should be evaluated in respect to the influence on the maturity 
of the potato plant. Hope (34) established a method in which 
maturity is estimated by the number of the dead leaves, and 
showed a significant correlation between maturity and color of 
the chips, ^his method seems to offer a sound approach for 
studying the effect of nitrogen fertilization on the maturity 
of the potato and the color of chip. 
At Amherst, similar to Sunderland, due to the relative 
favorable growth conditions killing the vines did exert an 
influence of the chip color. Under the prevailing growth 
conditions in this area the plants made an extensive top growth 
In the early part of the season, due to favorable temperatures, 
substantial soil moisture and relatively high levels of soil 
nitrogen. At the time, when the vines were killed, the plants 
had already started an obvious senescense of the top and 
maturation. Killing of vines did not induce maturity under 
these conditions. Furthermore, color measurements, supported 
by sugar analysis, indicate that vine killing was a disad¬ 
vantage since It actually Interfered with the process of 
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raaturation. The slow method of vine killing, although a draw¬ 
back in this case, was probably better than the faster method 
of inducing death on the potato plant. As Tslburt (85) and 
others (71), (88) point out, slow death will give the plant a 
chance to direct the flow of assimilates into the tuber, thus 
promoting the increase in both specific gravity and maturity. 
Several investigators (71)> (85) indicated that the necessity 
to kill the vine is a result of continuous growth of the vines 
late in the season, which will result in delayed maturity. 
The results of this experiment, although significant, have 
their limitstionsj as mentioned earlier, it was carried out on 
a limited scale and with only one nitrogen fertilizer applica¬ 
tion* With variation in weather conditions in the following 
years the response of different varieties, under varying ni¬ 
trogen treatments, may differ. 
The soil type in Amherst was of particularly light texture. 
This is rather a typical situation for some of the potato grow¬ 
ing areas in the Connecticut Valley and may prove to be of some 
value when quality of chip color is under consideration. Several 
investigators (34-), (43)* (53) indicated that the color of chips 
improves when the soil nitrogen decreases after the top reached 
optimal size for food manufacturing, thus providing for matura¬ 
tion and high specific gravity. Sawyer (58) showed that the 
earlier the application of nitrogen was made the higher was the 
specific gravity and the better the color. He also stated that 
as long as the vines were allowed to grow to full maturity 
nitrogen distribution had little effect on yield and maturity. 
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Ware and Johnson (96) reported a beneficial effect of delayed 
applications of nitrogen on a sandy loam soil in Alabama, and 
tuat the benefit increased with heavy rainfall in the spring. 
Sawyer (£0) found in Long Island that increased amounts of 
nitrogen are beneficial not because of leaching but because 
the plant needs a larger amount In the early stage of life for 
proper development. Termsn (8?) showed that if all the ni¬ 
trogen is applied with the seed at the time of planting it 
may result in damage to the seed, and lower yields, when the 
seed came in contact with the fertilizer. Application in 
bands prevented damage end increased yields. This indicates 
that the main concern in respect to nitrogen fertilization 
should be in the early growth stage. After the plant reached 
full size for maximum food manufacturing, disposing of the 
extra nitrogen in the soil may prove to be of benefit for the 
color of the chips. The light texture of the soils of the 
Connecticut Valley in Massachusetts may prove beneficial If 
an adequate amount for growth at the early stage can be secured. 
Light texture of soil may be of benefit also by maintain¬ 
ing higher soil tei.iperature. Smith (71), Kushman (39) and 
Yamaguchi (108) recommended light, well drained, soil in an 
area with excessive moisture* They showed that excessive 
moisture in the soil will cause lower specific gravity, and a 
darker color of the chips, especially at the end of the season 
when the frequency of cold ni&ht temperatures is higher. 
-110- 
Storege Treatment 
As indicated by the work of Wright (107) end others (15)* 
(16), (lj.1), (8!|) potatoes stared at the range of 50° to 60° F. 
showed a tendency to sprout earlier, though they did tend to 
accumulate less sugar than at lower temperatures. Salunkhe 
(57) pointed out that the tendency to sprout and sugar content 
are inversely rela ted* 
The tubers were placed in canvas bags and kept under 
shelter, starting on September 8-9* I960 and were placed in 
storage six weeks later, on November 22, I960. In connection 
with the starting date of the storage treatment, Denney and 
Thornton (16) showed that the rate of reducing sugar accumula¬ 
tion was a function of both tenperature and time. When placed 
in cold storage about two months after harvest, the content of 
reducing sugars rose rapidly to a maximum value 59 days after 
storage started, then started to decline. When cold storage 
started four months after harvest, the rate of sugar increase 
was retarded e.aC the maximum accumulation of sugars followed 
by a decline was not noticed. The record obtained by Denney 
aid Thornton is similar to the time schedule in this experi¬ 
ment. Under these conditions the tubers might have been close 
to the peak of sugar accumulation at the end of the storage 
period which lasted 63 days. 
The response of the tubers differed, however, with locality 
and variety. The Kennebec potato grown at Worthington and 
stored at 50° F., produced chips which were slightly but not 
Ill 
significantly inferior In color compared with, chip color of 
untreated tubers* Tubers stored at 60° F. produced chips 
significantly better in color than tubers stored at 50° F. 
or those before storage* Warba and Katahdin potatoes per¬ 
formed similarly, but at 50° F. were significantly darker than 
the untreated tubers* Warba produced an undesirable color 
regardless of time and temperature treatment. The same pat¬ 
tern was followed by Katahdin potato grown at Amherst. These 
results are not entirely in agreement with the finding of 
other workers* Smith (71) showed that chips were darker than 
the freshly harvested tubers regardless of storage temperature. 
Lyman (41) and others indicate that tubers after storage at 
50° F. produce unacceptable color. Wright (107), however, 
stated that potatoes stored at 50° F* can be processed into 
chips directly from storage. Talburt (8$) pointed that the 
tendency of tubers to accumulate sugar in cold storage can be 
retarded by exposing them to moderate temperatures before 
storage treatment began, but that fluctuation in temperature 
further enhanced the process. The temperature recoi'd during 
the period previous to storage indicates that while tempera¬ 
tures were high in the first weeks they were followed later 
by several cold nights. This may have enhanced the accumula¬ 
tion of sugars even before storage temperatures started, as 
inuicated by the fact that only a slight difference was found 
after the storage period of nine weeks between tubers stored 
at 50° F. and the untreated tubers. The pattern of sugar 
accumulation, suggested by benney and Thornton, was probably 
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affected by early accumulation of sugars which provided for 
a decline in sugar content at the end of the storage period. 
The lighter color produced by tubers stored at 60° P. compared 
to those at 50° F, can be accounted for by more intensive 
respiration. 
Relationship Between the Sugar Content of the Tubers and the 
Color Intensity of the Chip, 
An attempt was made to find the connection between the 
chemical behavior of the tubers and the intensity of color 
when made into chips. It was amply indicated in the litera- 
ture (24), (25), (33). (34). (54). (63), (65), (66) that the 
reducing sugar content yields the highest correlation with 
the color of chips. 
Correlation tests between the reducing sugars and color 
intensity of chips from potatoes grown at Worthington and 
Sunderland yielded a coefficient of -0,689# and -0,642 re¬ 
spectively, In both cases the correlation was highly signifi¬ 
cant, This degree of association is rather low, as compared 
with the values obtained by others (24), (25), (65), (66), 
Schwimmer (63) points out several factors which may cause a 
low correlation in the readings of browning vs. ”reducing 
sugars”• These were extraction and classification procedures, 
exclusion of reducing substances other than sugars, alteration 
of sugar content caused by processing treatment, influence of 
level and composition of other than reducing components. In 
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respect to the latter, several workers demonstrated the marked 
influence that trace metals (5)* phosphate ion content (9ip) 
aid organic acids (53) way exert on the chip color* Sehwiramer 
(63) feels that from the stand point of prediction of quality 
of potatoes for processing the appraisal of chip color may 
serve as a reliable index since it is the expression of the 
multitude of factors which may influence the browning reaction* 
From the stand point of the influence which the different treat¬ 
ments may exert on the potatoes, the analysis of the sugar 
content indicated aimilar trends to the analysis for chip 
color* Similar to the color analysis only the storage treat¬ 
ment yielded a significant difference in sugar con tent in 
potatoes grown at Worthington, "he sugar content of the tubers 
does not show complete affinity, however, to the color of the 
chips* The sugar content of the potatoes stored at 60° p* is 
higher than in tubers which were not placed in storage* 
In Sunderland, both chip color and 3ugar ccn tent correspond 
rather decisively to the cultural and the storage treatment. 
Similar to chip color the sugar content of the tubers showed 
significant difference between nitrogen fertilizer rates and 
showed a tendency to increase as the nitrogen application in¬ 
creased. Warba had significantly higher level of reducing 
sugars than the Katahdin v ;riety. The affinity between chip 
color and sugar content was further carried on in storage. 
Similar to chip color, tubers stored at 60° F. had the lowest 
sugar content as compared with those stored at 50° F. or un¬ 
treated tubers. Tubers stored at 50° F. were highest in 
sugar content. The significant interaction of "varieties x 
nitrogen” and "varieties x storage" suggest that varieties 
responded to nitrogen treatment and storage treatment in 
vigor, which corresponded to their inherital tendencies. Thus 
Warba, which inherently tended to accumulate sugars, increased 
in sugar production under nitrogen and storage treatments, 
which were detrimental to the quality of chip color. The inter¬ 
action of "nitrogen x storage” further indicates that excessive 
nitrogen fertilizer, will increase the tendency for sugar ac¬ 
cumulation, under harmful storage temperatures. Support for 
this finding is widely found in the literature (25), (3^4-)# 
(65)* Several workers (56), (71), state, however, that the 
differences exerted on the tuber by growth conditions with 
prolonged storage tend to disappear. 
The sugar content of Katahdin potato, grown at Amherst, 
shows basically the same pattern as in those grown at Sunder¬ 
land. Tubers from vine killed contained significantly higher 
sugar content than potatoes from untreated plants. The sugar 
analysis throws some light on the so-called maturation process. 
As pointed out previously, the maturation process involves 
chemical changes in the tuber which renders it lower in brown¬ 
ing agents. The maturation process, which evidently was in¬ 
terfered with, in Amherst, by killing the Vines, yielded tubers 
which were chemically immature at the time of harvest and had 
greater tendencies to accumulate sugars under detrimental 
storage temperatures (85), (88). 
-115- 
The rather low correlation coefficient between the sugar 
content and chip color of potatoes from Worthington and Sunder¬ 
land indicates that though the trend in sugar production may 
be pronounced in the tuber, it may not be expressed proportion¬ 
ally in the color of the chips. Analysis of sugars may offer 
a tool, however* for detecting the physiological changes in 
the tuber under cultural and storage treatment, and in part, 
• • • .« * i 
a mean of prediction the quality of potatoes intended for 
chipping. 
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VI, CONCLUSIONS 
Under conditions of this year’s results the following con¬ 
clusions seem warranted; 
1. Highly significant correlation was found between the re¬ 
ducing sugar content in potatoes and color intensity of chips. 
The correlation was not high enough, however, to account for 
the entire degree of color intensity of the chips, and the 
contribution of other factors must be assumed. 
2. Locality, as a factor, markedly influenced the response 
of a given variety to nitrogen fertilizer rates and vine killing: 
a. Under wet and cool growth conditions the nitrogen 
fertilization and vine killing have a limited effect on the 
color of the chips. Vine killing, however, affected the 
specific gravity. 
b. Under conditions of relatively high temperatures and 
soil moisture, nitrogen fertilization tended to affect the 
color of the chips, in proportion to the rates used, due to 
the excessive growth of vines which retarded the maturity of 
the tuber and promoted accumulation of sugars. Killing the 
vines may have Improved the color, by inducing maturity, but 
since it interfered with the maturation process it resulted 
In a higher sugar content in the tuber and darker chips color. 
3. When tubers were held for six weeks after harvesting, 
storage temperatures of 60° P. produced significantly lighter 
chips than storage temperatures of 50° P., after storage period 
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of nine weeks* The difference was of practical importance 
with Warba but not with Kennebec and Katahdin potatoes. 
I|.. The varieties under observation differed in their 
response to growth and storage conditions, in accumulation 
of reducing sugars and intensity of chip color. 
1 
1 
11B 
VII. SUMMARY 
Trials with nitrogen fertilization, vine killing, 
varieties, storage temperatures, and their influence on the 
color of the potato chips, were conducted at three localities 
in Massachusetts, during the summer of I960* 
Nitrogen fertilization and vine killing did not have an 
apparent effect on the color of chips made from Kennebec 
potatoes grown under wet and cool conditions at Worthington* 
Conversely, nitrogen fertilization affected the color of 
chips made from Katahdin and Warba potatoes grown at Sunder¬ 
land, due probably to different weather conditions which pre¬ 
vailed in this locality during the growth season. The 
Katahdin potatoes were affected to a lesser degree than the 
Warba potato* 
Under similar growth conditions, vine killed Kstahdin 
potatoes, grown at Amherst, produced chips significantly 
darker, compared to those from untreated plants. 
Six weeks after harvesting the tubers were placed in 
storage for nine weeks at 50° F. and 60° F* Tubers subjected 
to storage temperatures of 60° F. produced color of chips 
significantly lighter than those stored at 50° F, Katahdin 
and Kennebec potatoes from both 50° and 60° F. storage tempera¬ 
tures yielded acceptable color of chips at the end of the 
storage period. The Warba variety produced chips too dark 
to be acceptable * 
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